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PREFACE

Authorization for this study was a letter request dated 8 February

1978 to the U. S. Army Engineer Waterways Experiment Station (WES) from

the Directorate of Military Construction, Office, Chief of Engineers

(OCE), U. S. Army, Washington, D. C., and Intra-Army Order No. NYD 78-76

(M), dated 3 May 1978.

Overall planning, field explorations, soil tests, and analysis for

this study were performed by the WES. Data reported in this investiga-

tion were collected during the period October 1961 through August 1978

by personnel of the U. S. Army Engineer District, New York, and the WES,
and by consultants to the Corps of Engineers. Data from previous publi-

cations concerning the South Fill area are repeated for clarity. The

September 1979 hydrographs and echo soundings presented in Appendix E

were received just prior to publication of this report.

The investigational program under Mr. W. J. Turnbull, former Chief,

Soils Division, WES, was directed and reviewed through 1965 by a Board

of Consultants consisting of Professors Arthur Casagrande and R. E.

Fadum, Dr. P. C. Rutledge, and Messrs. H. B. Zachrison, R. A. Barron

(OCE), and C. K. Panish. Review comments for this report from the cur-

rent active consultants are included in Appendix G. Also contained in

this appendix are comments by Dr. P. F. Hadala, Acting Assistant Chief

of the Geotechnical Laboratory (GL), WES, concerning the liquefaction

potential at the site.

The report was written by Messrs. H. M. Taylor, Jr., and G. B.

Mitchell, Soil Mechanics Division (SMD), WES, and Dr. J. K. Poplin,

Associate Professor at Louisiana State University, who was employed at

the WES for the summer under the Intergovernmental Personnel Act of

1970, under the general supervision of Messrs. C. L. McAnear and J. P.

Sale, Chiefs of SMD and GL, respectively. The report was reviewed and

approved by OCE prior to its publication.

Directors of the WES during the investigation and preparation of

this report were COL John L. Cannon, CE, and COL Nelson P. Conover, CE.

Technical Director was Mr. F. R. Browa.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASURE4ENT

U. S. customary units of measurement used in this report can be

converted to metric (SI) units as follows:

Multiply By To Obtain

cubic yards 0.7645549 cubic metres

feet O.3048 metres

inches 25.4 millimetres

kips (force) per 47.88026 kilopascals
square foot

pounds (force) per 47.88026 kilograms per cubic
square foot metre

pounds (mass) per cubic 16.01846 pascals
foot

tons (force) per square 95.76052 kilopascals

foot

4
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INVESTIGATION FOR SOUTH FILL AREA,
UNITED STATES MILITARY ACADEMY

WEST POINT,* NEW YORK

PART I: INTRODUCTION

Background

1. On 25 August 1961, a large fill. area along the vest bank of the

Hudson River at the U. S. Military Academy (USMA), West Point, New York,

subsided suddenly into the river, resulting in considerable property

damage and loss. The slide occurred in an estuarine deposit in an area

that had been the scene of extensive fill operations in the preceding 14i

months. Figure 1 shows the general plan and geology of the West Point

area. Field and laboratory investigations were undertaken to determine

the cause of the failure and to ascertain the safety of the existing

facilities along the failed bank. These investigations were reported in

Technical Report No. 3-591 (U. S. Army Engineer Waterways Experiment

station (WES), 1962). In addition, the stability of an existing Li.l

downstream (south) of the failed area was investigated. These investi-

gations indicated that this South Fill area was safe, but with a rather

narrow margin.

2. Measurements of horizontal and vertical control points, piezom-

eters, slope indicators, and observations of the telltale walkway at the

South Fill area have been made by the U. S. Army Engineer District,

New York (NYD), and reported periodically in letter reports to the WES.

These data were analyzed by the WES and reported to the Office, Chief of

Engineers (OCE), U. S. Army, in letter reports. These analyses indi-

cated that normal rates of movement were observed and that pore pressures

were dissipating as expected.

3. In an effort to evaluate conditions for possible future use of

the South Fill area, a drilling contract was let by the NYD in 1975.

Undisturbed samples of 5- and 3-in.* diameters were taken by a private

A table of factors for converting U. S. customary units of measure-
ment to metric (SI) units is presented on page 4.

5
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drilling company and sent to the WES for testing. The unconsolidated-

undrained (Q) test strengths were equal to or less than the unconfined

compression (UC) tests run in 1961. This discrepancy indicating little

or no gain in strength was considered unrealistic and probably resulted

from problems in sampling and/or testing. The instrumentation in the

vicinity of the borings indicated horizontal and vertical movements

normally expected due to consolidation. Nothing was indicated by the

instrumentation or observed at the site that would account for the

little differences in the strengths observed in 1961 and 1975.

4. To determine the stability of the South Fill area, to determine

potential uses of the fill, and to reduce the scope of monitoring instru-

mentation, it was decided that more reliable sampling, testing, and

analyses should be undertaken. In 1978, such a program was initiated.

Authorization

5. This investigation of the South Fill area at the USMA, West

Point, New York, was conducted in response to a request to the WES in a

letter dated 8 February 1978 from the Directorate of Military Construc-

tion, OCE, Washington, D. C., subject: West Point Slide Investigation,

and Intra-Army Order No. NYD 78-76 (M), dated 3 May 1978.

Previous Studies

Consultants, 1961-1965

6. A board of consultants established to review and direct the in-

vestigational program met several times concerning the North Dock failure,

the resulting foundation investigations, and the monitoring at the North

Dock and the South Fill area. From September 1961 through December

1965, the board rendered judgments on the following items based on

visits to the South Fill area and review of laboratory and field data:

a. Technical procedures in the subsurface investigation.

b. Vulnerability to further movement.

c. Security measures.

6
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d. Program of horizontal and vertical measurements.

e. Additional loading of the fill.

f. Regrading and leveling permissible using light equipment.

g. Installation of piezometers in clay and bedrock.

h. Review of status reports.

i. Stability.

WES, 1961

7. The North Dock slide in 1961 prompted the first well-documented

investigation (WES, 1962) of subsurface conditions at the South Fill

area. A number of general sample borings had been made in the South

Fill area in 1941; however, the soil classifications used on the boring

logs were somewhat doubtful. Therefore, only the portions of the logs

of these borings that indicated the top of rock were reported (WES,

1962).

8. Stability analyses indicated that the South Fill area had a

narrow margin of safety. Its stability should increase slowly with

time. Piezometer observations indicate that relatively high excess pore

pressures existed in the foundation beneath the fill. It was estimated

that about 22 percent of the ultimate settlement under the existing fill

had occurred as of October 1961.

9. It was recommended, among other items, that no additional fill

be placed in the South Fill area, that the South Fill area be reserved

for athletic fields, that piezometers and reference points be observed,

and that data be evaluated at frequent intervals.

WES, 1973

10. A paper entitled "Performance of Fill Foundation, West Point,

New York," was presented to the Fifty-Second Annual Meeting of the

Highway Research Board (Sherman and McAnear, 1973). No additional
sampling or testing was conducted for this paper. The measurement data

reported from instruments installed in 1961 included piezometers, refer-

ence points (surface markers), and four slope indicators. Subsequent to

the 1961 investigation, the tennis course that had been constructed in

the South Fill area afforded a means for tracing the development of sur-

face cracks. The crack pattern reflected the greater settlement of the

7



thicker portion of the estuarine deposit toward the river. A summary of

time plots reported by Sherman and McAnear (19T3) of lateral movement

and settlement showed that surface settlements were continuing but at a

decreasing rate. The lateral distance between reference points indicated

continuing extension and, in some instances, compression. The slope

indicators demonstrated that through 1969 horizontal movements were con-

tinuing and at a decreasing rate with no indication of potential distress.

11. Sherman and McAnear (1973) indicated that strength increases

had taken place which significantly increased the stability of the South

Fill area with respect to sliding.

USMA, 1974

12. A report entitled "South Fill, West Point, New York," prepared

by the Department of Engineering of the USMA (1974) examined the accumu-

lated data through 1973 on the South Fill. The purpose was to compare

the anticipated theoretical consolidation behavior of the fill with the

actual settlement. Definitive conclusions were not reached concerning

the behavior or stability of the South Fill area.

WES, 1976

13. An unpublished letter report prepared by the WES (1976) docu-

mented all the field and laboratory data collected, made comparisons of

the condition of the fill at various periods of time, and discussed

present and future stability. This report first indicated little appar-

ent change in shear strength since 1961 though pore pressure had de-

creased, indicating an increased degree of consolidation. Because of

the limited amount of data and nonuniform site conditions, stability

analyses were not possible. Furthermore, because of the excessive costs

of the monitoring program and usage requirements of the area, the 1976

study recommended that a Phase II investigation be considered. The pro-

posed investigation consisted of borings and instrumentation at selected

strategic locations that would provide the necessary data to make a com-

prehensive analysis of the entire site. The data would not only provide

adequate information to predict the behavior for the whole area but alsu

permit an evaluation of various methods for accelerating the rate of

stability improvement.

8



Purpose and Scope

14. The purpose of this investigation was to assess the current

stability (safety) and future settlements of the South Fill area and to

provide guidance regarding future use of the area. The results of sub-

surface investigations since 1961, laboratory and field testing since

1975, and recent (1979) stability analyses are documented. Recommenda-

tions are made for guidance in future development, measures to improve

stability, and precautions to be observed for changes in usage.

9
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PART II: DESCRIPTION OF SITE

15. The South Fill area is within the alluvial plain of the Hudson

River. At West Point, the river occupies a narrow gorge cut through

granite and gneiss. The sides of the gorge rise about 200 ft above the

alluvial plain. Glaciation has modified the bedrock, plastered it lo-

cally with glacial detritus, and otherwise affected the hills overlooking

the river where the principal Military Academy buildings are located.

Figure 1 shows the general plan and geology of the West Point area. The

local and regional geologies are presented in WES Technical Report No.

3-591 (1962).

North Dock Slide Area

16. During construction of a major housing project on the Military

Academy grounds in 1960, it was decided to use the excavated material as

landfill for athletic fields along the tidal flats in the North Dock

area (Figure 1). In June 1960, the fill material, consisting of rock,

boulders, and soil excavated for the housing construction area, was

hauled in by truck. About 313,000 cu yd of fill were placed shortly

before the slide occurred on 25 August 1961. During the fill operation,

mud waves, several minor slides, and abrupt settlements occurred, some

of which were of major consequence. One severe subsidence caused suspen-

sion of work for a week. The North Dock failure resulted in property

damage because of wave action and underwater slides, but no loss of life

occurred.

South Fill Area

17. Some fill had been placed in the South Fill area in 1941.

Additional fill, amounting to 210,000 cu yd, was placed in 1960, the

material being of the same type and origin as that used for the North

Dock area. The dumped rock fill at the South Fill area accounts for

approximately the top 20 to 40 ft in the soil profile.

10
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18. Photographs and records of the fill placement were prepared by

the WES (1962). Figure 2 shows the ground surface, underwater surface,

and rock surface contours, as well as the riprap shoreline protection

placed in 1974.

!11



PART III: FIELD AND LABORATORY INVESTIGATIONS

Soil Borings

19. Subsurface conditions at the South Fill area were determined

from soil borings drilled in 1961, 1975, and 1977 at locations indicated

in Figure 3. In 1961, four borings (BS-1, BS-2, BS-4, and BS-5) were

made in the peripheral areas and split-spoon samples taken. One 5-in.

undisturbed boring (BU-2) was made in the central portion of the fill.

In 1975, a boring (DH-Il) was made in the central area. Six 5-in.-diam

undisturbed samples, from 40- to 60-ft depth, and ten 3-in.-diam undis-

turbed samples, from 70- to 97-ft depth, were obtained. Three addi-

tional borings, WS-I, WS-2, and WS-3, were drilled in the same general

area in 1977 in a triangular pattern about 15 ft apart.

20. In situ vane shear (VS) tests were conducted in boring WS-2,

and undisturbed samples were obtained in borings WS-I (3-in.-diam) and

WS-3 (5-in.-diam). A description of the VS apparatus and the test

procedures are presented in WES Miscellaneous Paper No. 3-661 (1964).

Soil Tests

21. All soil tests conducted after 1965 followed standard labora-

tory procedures (Dept. of the Army, OCE, 1965 (revised in 1970)).

Testing prior to 1965 followed procedures outlined in the LMVD report

(Dept. of the Army, Mississippi River Commission, 1951).

22. Customary identification and classification tests (specific

gravity, Atterberg limits, etc.) for fine-grained soils were conducted

on all samples returned to the laboratory for testing. The laboratory

results not previously presented are given herein along with engineering

properties.

1961

23. Engineering properties tests for the samples taken in 1961

included UC tests on all samples, and slow consolidated drained (S)

direct shear tests, consolidated undrained triaxial (R) tests with pore

12



pressure measurements, and one-dimensional (ID) consolidation tests on

selected samples; all were conducted on 5-in.-diam undisturbed samples.

The results of these tests were reported in detail by Sherman and McAnear

(1973). Selected details are repeated herein when needed for clarity or

comparison.

24. Q tests were conducted on most samples collected in 1975, R

and 1D tests were run on selected samples from 3- and 5-in.-diam Shelby

tubes.

i17
25. The 5-in.-diam undisturbed samples from boring WS-3 (1977) were

sealed in the Shelby tube samples and transported to the WES. Since

funds were not available for testing, the samples were stored in a humid

room until testing was accomplished about 5 months later.

26. Prior to extruding, each sample from boring WS-3 was radio-

graphed to assist in selection of test specimens. Figure 4 shows typi-

cal radiographs of samples from boring WS-3. Photographs of sliced

sections of the samples in Figure 5 were made to detect evidence cf

sampling disturbance and nonhomogeneity (Hvorslev, 1948).

27. UC tests were conducted in the field immediately after sampling

on duplicate 3-in.-diam specimens from each sample from boring WS-l

(1977). Water contents were measured, and the usual index properties

were calculated using specific gravities from boring WS-3. Since only

in situ VS tests were run in boring WS-2, no samples were taken and no

other tests were conducted.

Soil Profile

28. Boring logs in Figure 6 were taken from borings BU-2, DH-ll,

WS-3, and WS-I that were drilled in 1961, 1975, 1977, and 1977, respec-

tively. Figure 7 shows a generalized west to east soil profile developed

from the boring logs. The borings indicate a rock fill overlying a thin

layer of peat and thick layer of heavy clay down to bedrock, with general

agreement as to layering between borings. However, some evidence of

nonhomogeneity is noted.
13



29. Table 1 summarizes the results of laboratory and field tests

conducted in 1975 and 1977. Appendixes A, B, C, and D present the

results of tests for borings DH-lI, WS-l, WS-2, and WS-3, respectively.

Table 2 shows the results of in situ VS tests and Appendix C includes

the test records. The hydrographs shown in Appendix E were taken ad-

jacent to the South Fill area and were obtained from the NYD.

30. On the plasticity charts (Figure 8), most samples are located

above the A-line, indicating fat clay (CH) in upper regions and lean

clay (CL) nearer the rock surface. Oven-drying of samples from boring

BU-2 caused substantial reduction in both liquid limit (LL) and plasticity

index (PI) and resulted in different classifications.

31. Figure 9 shows the distribution of natural water content and

Atterberg limits with depth. The decrease in water content with time

since 1961 is also consistent with observations of settlement and dissi-

pation of excess pore pressures.

Shear Strength

32. Undrained shear strength was determined from UC, Q, and R tests.

Some S tests were conducted on selected samples from boring BU-2 to

evaluate drained shear strength during the 1961 investigation. Most

tests were conducted from samples taken in the peat or clay layers. No

attempt was made to measure the shear strength of the rock fill or the

underlying bedrock.

Q test

33. The variation of undrained shear strength with depth is shown

in Figure 10 as determined at different times and by various techniques.

The shear strength in 1961 shortly after filling was completed, as indi-

cated by UC tests on undisturbed samples from boring BU-2, is low parti-

cularly in regions of high pore pressure (to be presented later). Tests

on selected remolded samples yield sensitivity ratios from 3 to 11 that

signify this soil to be sensitive to extrasensitive.

34. Samples taken in 1975 failed to clearly indicate the expected

shear strength increase reflecting the pore pressure dissipation. An

14



insufficient number of samples were taken, and the test data showed

fairly large scatter and inconsistent trends. It was believed at the

time that excessive disturbance in drilling and sampling had occurred,

and additional borings should be made to more fully assess the condi-

tions of the fill. Three additional borings (WS-I, WS-2, and WS-3),

completed in 1977, were used to further assess the shear strength prop-

erties. The results of Q tests from WS-3 also failed to demonstrate the

expected increase in strength with time and did not agree with UC or VS

test results from WS-I and WS-2. Both the UC and VS tests indicate

consistent strengths in relation to the effective overburden stress at

the present time, as well as a substantial increase in strength with

time.

35. Normally, Q tests in a CH are expected to yield strengths

equal to or somewhat greater than the UC test. However, Q test strength

is about 50 percent of the UC test strength. Examination of deviator

stress versus axial strain curves showed that the UC test exhibited

brittle failure, with a peak stress occurring in the range of 5 to 7

percent strain (Appendix B). Q test specimens produced deviator stress-

strain curves more typical of -emolded clays with stress still increasing

at 15 and 20 percent strain in many cases. The discrepancy between the

UC and Q tests prompted further testing.

36. The UC tests from WS-l were run on nominal 3-in.-diam by 6-

in.-long samples prepared and tested at the site using a portable testing

machine. Very little time elapsed between sampling and testing. While

this procedure conceivably could result in greater loss of strength

because of sampling disturbance with small diameter tubes, no opportunity

for deleterious effects due to storage and handling existed.

37. On the other hand, the samples from WS-3 collected in March

1977 in 5-in.-diam Shelby tubes were sealed at the site and temporarily

stored at the USMA, and then later transported to the WES by truck.

Since funds were not immediately available, the samples were stored in a

humid room at the WES and testing was not done until August 1977, a

lapse of about five months. Prior to testing, the samples were extruded

full length, using the normal procedure for extruding fresh samples

trimmed from quarter sections of 5-in.-diam samples.

15
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38. Half sections of samples 13, 14, 16, and 17 from boring WS-3,

which had been waxed and stored, were used to develop supplemental data

on the present strength (July 1978), approximately one year after the

first tests. Three Q tests and a UC test were run on each section.

These check tests show essentially no loss of water, but Q test strengths

are almost twice as great as those of one year earlier (Figure 11) and

much more in line with UC and VS test strengths yielded in 1977. This

observation is further confirmed by a comparison of stress-strain curves

for tests at different times from the same depth. Figure 12 shows

possible disturbance effects in Q test results in 1975 and 1977, which

no longer existed when tested in 1978.

39. The deviant behavior of the Q test results suggests the pos-

sibility of sampling disturbance. The probable cause of the loss of

strength reflected in the 1977 test was likely a combination of extended

storage and delayed extrusion. An investigation of the effects of stor-

age at Louisiana State University show a loss of strength with storage

time for both 3- and 5-in.-diam Shelby tube samples of clay, while hand-

carved samples lost no strength (Arman and McManis, 1977). However, the

tube samples were extruded prior to storage and the findings may not

apply here. The disturbance in the extrusion process conceivably in-

creases as the time interval between sampling and extrusion increases

because of adhesion of the soil to the tube plus the increased roughness

created by corrosion of the inner surface of the tube. However, the

apparent regaining of original strength during a one-year storage after

extrusion may be attributed to thixotropy, a process in which remolded

soils regain strength at a constant water content. Skempton and Northey

(1952) observed that clays with sensitivity ratios less than 16 regained

a major portion or all of their original strength after remolding as a

result of thixotropy. These speculations could adequately explain the

erratic results, but other processes may also be involved.

40. For the purposes of this investigation, the Q test strengths

are disregarded, and the UC tests backed up by VS tests are deemed to be

most representative of the present undrained shear strength of the clay.

16
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R test

41. Two R tests were conducted in 1975 and four in 1977. Table 3

summarizes the results of these tests, and Figure 13 presents the

strength envelopes. R tests show apparent cohesion (C) ranging from 0

to 0.24 tsf and angle of internal friction 0 ranging from 30 to 40

deg.

S test

42. The drained shear strength was determined from three S tests

in 1961. Table 3 summarizes the results, and Figure 13 shows the drained

shear strength envelopes. S tests in 1961 indicate effective strength

envelopes with C equal to zero and 0 ranging from 29 to 35 deg. Other

data presented tend to indicate the clay was either normally consolidated

or underconsolidated.

Consolidation Test Data

43. The results of all 1D consolidation tests in Figure 14 are

presented in the form of void ratio-log stress curves and coefficient of

consolidation-stress curves. Detailed data for tests conducted in 1975

and 1977 are contained in Appendixes A and D.

44. The compression curves from the 1961 borings indicate pre-

consolidation stresses p0c approximately equal to the effective over-

burden stress p , hence normally consolidated according to these

tests. From the 1975 borings, the samples from el -42.0* displayed a

very flat curve with an indicated pc below the effective p0 . At a

greater depth (el -78.5), the curves are more typical of normally con-

solidated soils, with p C only slightly greater than p0
45. Tests of four samples from the 1977 borings yielded two com-

pression curves typical of insensitive clays and two more typical of

sensitive clays in which a large void ratio change occurred as the indi-

cated p cwas exceeded. Interpretation of p c for the samples from

el -24.0 and -45.0 shows values slightly less than p0 , but in reasonable

All elevations (el) are in feet referred to mean low water (mlii).
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agreement, hence normally consolidated. At el -55.0 and -63.0, overcon-

solidation is indicated since pc is from two to three times greater

than p . Coefficients of consolidation ranged from 10 x 10-4 to
24 2

60 x 10 cm /sec.

Groundwater Conditions

46. Piezometers were installed in the same general vicinity as the

borings beginning in 1961 to monitor the state of excess pore pressure

within the clay. In some cases, the piezometers were installed in the

borehole. Readings were taken by personnel of the NYD and the USMA.

Table 4 lists the location, date of installation, and inclusive dates of

observation. In Figure 15, chronological records of excess hydrostatic

pore pressure are presented along with surface movements. Figure 16

shows the dissipation of excess pore pressure with time. The most

recent piezometer readings (1978) indicate that approximately 70 percent

of the estimated 100 percent consolidation has taken place since 1961.

47. Piezometer P-6, installed in the rock layer beneath the clay

at the bottom of boring BU-2, established that drainage was affected to

the bottom of the clay layer.

48. Since most of the porous tip piezometers developed heads well

above the existing ground level, pressure gages were required; mainte-

nance of the gages against environmental effects and vandalism proved to

be a continual problem. Various other difficulties arose, such as

crimping of the standpipe tubes, loss of seal, etc., which resulted in

inconsistent readings and abandonment of the instruments.

49. The only piezometers presently yielding usable data are 7A,

8A, and 9A, installed in 1969 and used to assess the present excess pore

pressure. The gages have been replaced by an adapter furnished by a

commercial firm,* which permits readings with a single portable gage,

thereby eliminating environmental and vandalism problems previously

cited.

* Piezometer Research and Development Corporation, Stamford, Connecticut.
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50. Heavy liquid piezometers P-10 through P-13 were intended to

overcome some of the operational problems. In principle, pore pressure

at the tip causes a liquid heavier than water to rise a lesser height,

and only a measurement of the elevation of the column top is required.

These piezometers were developed by and installed under the supervision

of the same commercial firm previously cited, but no useful data have

evolved due to various reasons as noted in Table 14.

51. Discontinuities and erratic readings in piezometer data

(Figure 15) were due to problems noted in paragraph 48 in readings. An

increase in pore pressure observed from November 1973 to February 1974

caused some alarm regarding the stability but was found to coincide with

the installation of riprap along the shoreline. In 1976 and 1977,

piezometer 8A indicated higher readings that are unexplained. In view

of other malfunctions, these data are considered unreliable.

Surface Movements

52. Markers were placed on the surface for monitoring horizontal

and vertical movements. Figure 3 shows the location of these markers,

and Table 5 gives the pertinent details of each. The first set of

markers was installed in 1961 at intervals along and approximately per-

pendicular to the baseline traversing the South Fill area. The markers

designated East Pin and West Pin have been adequately protected and have

yielded consistent data on surface movements. Of the three River Edge

Pins installed in 1965, only one remains.

53. At each observation, the elevation was determined for each pin

and the horizontal distance from a fixed point to West Pin, from West

Pin to East Pin, andi from East Pin to River Edge Pin (if still in place).

Figure 15 shows a chronological record of observed settlements and

changes in horizontal distances along with piezometer readings. Positive

lateral movement indi-i' es extension along the line, whereas negative

movement indicates shortening or compression. Traverse profiles (approx-

imately parallel to the baseline) of East and West Pins displayed in
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Figure 17 at four-year intervals for the last 12 years show the settle-

ment rate is decreasing with time. Also, the largest settlement is in

the vicinity df East Pin at sta 4+26, which is located near the soil

borings and piezometers. In Figure 18, the combined horizontal and ver-

tical movement is displayed for the same four-year intervals as in

Figure 17. These plots indicate an approximately constant ratio of

horizontal to vertical displacement, with a slight tendency of decreasing

lateral movement recently while settlement continues.

54. Additional horizontal and vertical controls were provided by a

telltale asphalt walkway installed in August 1974 extending across the

central portion of the area and containing five embedded markers desig-

nated as MAC points. It was anticipated that the observable cracking in

the walkway would precede the onset of any large mass movement and

possibly serve as an early indication of adverse movement. In Figure 19,

profiles taken along these points at various times indicate settlement

is continuing normally at a decreasing rate. A plot of the horizontal

and the vertical movement of MAC points in Figure 20 shows much less

lateral movement than vertical settlement.

Inclinometers

55. Measurements of deviations from the vertical were made with

inclinometers at the locations shown in Figure 3 and described in Table

6. These devices are used to detect lateral movement below the surface
and to indicate any developing mass movement mechanisms. The inclinom-

eter readings were taken and interpreted by the NYD.

56. Considerable difficulties were encountered in maintenance and

operation of the inclinometers at the site. Earlier installation uti-

lized aluminum tubing that was subject to corrosion and local buckling,

which prevented passage of the sensor device. In later installations,

plastic guide tubing was used to alleviate some of the previous problem.

However, large vertical deflection continued to create problems with

alignment. The exposed tubes were enticing targets of vandalism and

were filled with debris many times; they were also subject to accidental

dislodgement in maintenance and other operations in the area.
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57. The calculated lateral movements with depth in the North-South

and East-West directions, as of March 1975, are displayed in Figure 21.

Since these inclinometers were installed at different times, these data

do not necessarily reflect the total movement along a given vertical

line but reflect mass movement tendencies. However, the concentration

of large boulders in the rock fill may have induced localized deflections

not fully representative of the surrounding area.

58. Near surface movement was greatest for inclinometer station

346A located near the east edge of the old tennis court area. Movements

of 3 to 4 in. riverward are consistent with observed cracking patterns

that led to the removal of the tennis court surfacing. Within the clay

layer, slight movements (less than 0.5 in.) landward were calculated.

59. At inclinometer station 348B located near the river edge,

riverward movement is indicated at the surface and at depths in the clay

with a maximum of about 0.5 in. at 70 ft. Slight landward movement of

less than 0.5 in. occurring around the 20-ft depth could have resulted

from riprap placement nearby. Inclinometer station 551B shows movement

to south and east near the surface with easterly (riverward) movement

increasing to a maximum at about the 60-ft depth and southerly movement

diminishing to zero at about the same depth.

60. The lateral movements are indicative of the general riverward

creep of the entire mass and do not reveal the development of localized

movement that might precede a shear failure along horizontal or inclined

surfaces.
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PART IV: SETTLEMENT ANALYSES

61. In 1961, a settlement analysis was performed at the location

of boring BU-2 in the South Fill area to determine the amount of settle-

ment that had occurred and the amount of settlement that could be ex-

pected in the future. The ultimate settlement of the fill at boring BU-

2 was computed using void ratio-log pressure curves (Figure 14 (sheet 1

of 3)). The ultimate settlement of the foundation due to the weight of

the fill was computed to be 5.2 ft in 1961. Figures 22 and 23 show the

predictions of percent consolidation and settlement versus time.

62. As a result of recommendations in WES Technical Report 3-591

(1962), settlements and pore pressures were observed at reference points

and piezometers indicated in Figure 3. Based on observed pore pressure

and settlements, Figures 22 and 23 also present curves of percent consoli-

dation and predicted settlements dated 1969 based on 1961 test data and

field observations through 1969. Since the strength tests performed on

3-in.-diam samples taken in 1975 were considered to be unreliable because

of disturbances, the consolidation test results were also doubtful;

since only one test was performed on a 5-in. -diam sample, no settlement

analysis was made.

63. Another settlement analysis was conducted as a part of this

study based on samples taken in 1977. Additional ultimate settlement of

3.5 ft at the location of boring WS-3 is predicted. This predicted

settlement, combined with an observed settlement of 3.9 ft (through

October 1977) and an estimated settlement (prior to 1961) of 2.2 ft

based on observed pore pressures, revises slightly the total ultimate

settlement predicted since placement of the fill to 9.6 ft. The pre-

dicted total settlements for 1969 and 1978 are compared in Figure 23.
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PART V: STABILITY ANALYSES

64. A stability analysis of the South iill area, from the river

edge westward to the parking area, was conducted using the WES computer

program 741G9R0-104. This program computes stability by the Modified

Swedish Method of circular arcs described in EM 1110-2-1902 (Dept. of

the Army, OCE, 1970). The idealized soil profile in Figure 2~4 was

determined from contour maps and boring information obtained from the

site since 1961. The stability analyses for this idealized profile used

the strength data in Table 7. These values were obtained by assuming

the clay normally consolidated (c/po = 0.3) and subdividing the clay

layer into zones of equal overburden stress.

65. The analysis indicates that the factor of safety against

sliding increases with distance landward from the edge of the river. The

area west of the paved access road (Figure 3) possesses a minimum

factor of safety of 2.6. When a 100-psf surcharge load, which simulates

congested parking, is imposed on this area, the factor of safety is

reduced to 2.4. From the road to the edge of the river, the factor of

safety decreases to 1.7 without surcharge, but it is assumed that this

particular area will not be utilized for parking since it contains trees

and picnic facilities.

66. No strength parameters were determined that would permit

analyses of the submerged slope. However, it is assumed that the factor

of safety of the submerged slope is at least 1.0 since failure has not

occurred. With no failure of the submerged portion, a factor of safety

of 1.7 'was determined as indicated above. In order to evaluate that

portion in the event a failure of the submerged slope did occur, a

factor of safety of less than 1.0 (0.98) was assigned to the submerged

slope and an analysis performed. The factor of safety of the fill from

the road to the river's edge was only reduced from 1.7 to 1.4.

67. Appendix E presents hydrographs and soundings taken adjacent

to the South Fill area and extending to the thalweg of the Hudson River.

The data indicate that significant erosion has not occurred at the toe

of the underwater slope since 1961. Thus, this slope should remain
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stable if the upstream and downstream channels remain unaltered. In

Figure 24, maximum tide fluctuations for October range from approximately

el -0.5 to +4.3.
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PART VI: SITE UTILIZATION

Current and Future Use

68. A very low risk of slope failure exists at the South Fill area

for continued use for recreational and athletic activities. Parking on

athletic fields would not substantially increase risks. If maximiu pre-

dicted future settlements occur, inundation at tides greater than el 5.0

may occur and thus restrict the use of lowest elevations. Currently,

inundation may occur at tides greater than el 8.0.

Future Development Potential

69. Structures on spread footings are likely to develop cracking

and distortion due to differential settlements. The use of piles is

prohibited; the driving vibration and pile displacement could lead to a

liquifaction slide. Hence, the construction of structures on the South

Fill area should not be allowed unless measures to improve stability are

undertaken.

70. Additional filling in thin soil lifts spread over a period of

years to raise the existing area to prevent inundation is permissible

with field observations to control placement.

Precautions

71. Other than parking of cars, precautions necessary for changes

in use of the South Fill area include:

a. Storage or stockpile of construction materials, coal,
or heavy equipment should not be allowed.

b. Occupancy by heavy reciprocating or rotating machinery

(such as rock crushers, conveyors, pumps, and compressors),
which could cause large stresses in the soil due to
dynamic amplification, should not be allowed.

c. More extensive subsurface exploration and testing programs
should be required to assess permissible operations.
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PART VII: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

72. The South Fill area in its present configuration is stable and

should remain stable provided its use is limited to athletic fields,

recreational areas, and parking. The factor of safety of the mass land-

ward of the road will continue to increase as the pore pressures dissi-

pate. An assumed failure of the submerged slope and the removal of debris

by the river result in a calculated factor of safety for the area be-

tween the road and the river of 1.4.

73. Use of the athletic fields (west of gravel road) for concen-

trated parking will not significantly reduce the stability or affect

settlements.

74. Future settlements may cause flooding in lower areas of the

site during high tides.

75. Since the South Fill area is stable, and the usage is limited

as described above, no further monitoring of movements is necessary.

However, periodic sounding should be made of the submerged slope to

determine if the river is eroding the toe of the slope.

76. The consultants' review comments concerning this report are

presented without comment in Appendix F.

Recommendations

Actions prior to
modifying South Fill area

77. In the event that long-range plans of the Military Academy

involve altering the use of the South Fill area, the NYD should be noti-

fied with sufficient lead time to accommodate the scope of the required

foundation investigation.

Further studies

78. The data collected at the South Fill area are unique in that

they represent long-term documentation on the behavior of marginally

26
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stable fill on soft clay. Numerical techniques, mainly finite element

methods, are being developed to analyze soil masses and predict time-

dependent response to loads, and the observations contained in this

report would be useful for verification of such techniques. As the

Corps of Engineers has a vital interest in the development of numerical

techniques for geotechnical purposes, consideration should be given to

providing the data to interested academic institutions for use in

research studies in this area.
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Table I
Sumary of Laboratory Tests

Unified Consolidation
Soils Atterberg UC C1t

Semple Classifi- Limits Initial QC p '
1mmEeain cton LL P L PI yd S Type C * C 4 C. o 0

No. in. rt mlw System -- 1 cf _s Test tsf tsf dee tsf de tsf den tsf tsf C 2

Boring DH-i - 1975

1 5 -36 CH 55 27 28 48 72 96 Q 0.09 0

2 5 -39 M., 55 30 25 5 9 72 97 Q 0.25 0

3 5 -42 CH 58 30 28 53 -9 98 Q 0.13 0

>2 70 98 R 0.17 15 0.13 37

57 66 97 CONSOL. 7.67 1.45 0.37 5

4 5 -44 CH 51 26 25 51 71 97 Q 0.22 0

5 5 -47 CH 56 26 30 50 71 96 Q 0.19 0

7 3 -66 CH 57 28 29 50 70 94 Q 0.30 0

50 71 100 R 0.16 13 0 40

8 3 -68 CH 55 27 28 52 71 00 Q 0.20 0

9 0 -71 CH 60 29 31 54 68 97 Q 0.29 0

10 3 -73 CH 57 27 30 46 76 99 Q 0.37 0

21 3 -78 CH 56 27 29 43 79 100 CONSOL. 1.80 2.16 0.77 15

12 -80 CL 45 20 25 3h 88 100 Q 0.52 0

15 -87 ML 44 29 15 36 86 100 Q o.86 o

Boring WS-i - 1977

1 -26 O 125 36 0.50

11O 48 0.48

2 -31 CH 50 71 0.32

50 71 .33

3 -36 CH 47 74 0.39

49 72 0.35

4 -41 CH 49 71 0.39

49 71 0.37

5 -46 CH 48 73 0.32

48 73 0.37

6 -51 CH 52 70 o.44

- 70 0.43

7 -57 CH 50 72 0.52

49 72 0.41

8 -61 CH 51 69 0.05

52 73 0.05

9 -66 CH 51 70 0.30

48 74 0.39
(Continued)

Notes: LL, PL. PI 
= 
liquid limit, plastic limit, and plasticity index, respectively.

UC - unconfined compression test.
O = unconsolidated-undrained triaxial test.
p = yonsooiated-undrained triacal test.

CONSOL. consolidtion tent.
S 8 = degree of saturation.

* = angle of internal friction.
C = cohesion.
yd - unit dry weight.
v % = moisture content.
P, effective overburden pressure.

P= preconsolidation pressure.
C
e = compression index.

Cy , coefficient of consolidation at P

qu/2 = compressive strength.
C' and 4 = effective stress r neters from R test.

All samples of boring WS-S were 3 Aicm and were extruded; UC tests were run at site.

on
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Table 1 (Concluded)

Unified Consolidation 

Soils Atterbrg UC CV
Smwple Cl-asifi- Limits initial q .2 CS P. P 16 4

Dim Elevation cation LL PL PI Y d S Type C * C o

No. in. ft ml,. stes, -L -L -L al -L -Test t-f t-t d4m tof Amn tat dAm t-f tt C C~li

Borin WS-. - 19[7 (Continued)

10 -71 CL 39 77 o.44

43 80 0.60

11 -76 CL 36 85 0.98
35 86 1.00

12 -81 CL 34 87 0.86

34 86 0.88

13 -86 CL 37 83 0.77

34 87 0.76

boring WS-3 - 1977*

2 5 -18 MR 82 43 39 66 58 97 Q 0.30 0

3 5 -21 OH 257 128 129 172 27 100 Q 0.30 0

4 5 -24.5 OH 164 99 65 119 38 99 Q 0.18 0
89 48 99 CONSOL. 0.27 1.38 0.58 16

5 5 -27 CH 85 28 57 68 58 96 Q 0.16 0

6 5 -30 MH 56 30 26 50 69 93 Q 0.12'.

7 5 -33 CH 61 28 33 54 68 96 Q 0.18 0

55 67 97 R 0.15 14 0.11 35

8 5 -36 CS 53 25 28 46 73 96 Q 0.24 0

9 5 -39 CH 52 29 23 51 69 96 q 0.20 0

10 5 -42 CH 50 25 25 44 75 94 q 0.18 0

11 5 -45 CH 58 26 32 47 72 95 Q 0.29 0

49 72 98 R 0.23 13 0.22 28

49 71 96 CONSOL. 0.75 1.50 0.52 5

12 5 -48 CH 61 28 33 52 68 95 Q 0.21 0

13 5 -51 CH 60 28 32 52 68 95 q 0.22 0

52 70 100 Q&uc-- 0.44 2.44 o

14 5 -54.5 CH 58 27 31 46 73 96 Q 0.27 0

51 7. 97 R 0.29 13 0.23 30

55 68 100 CONSOL. 0.98 4.8 -- 16

49 72 98 Q&UC-- 0.55 0.59 0

15 -57 CH 58 27 31 51 68 92 Q 0.16 7

16 -60 CH 53 24 29 47 72 95 Q 0.20 0

49 72 98 Q&UC- 0.52 0.51 0

1 -63 CH 58 29 29 51 69 95 Q 0.35 0

50 71 97 R 0.30 11 0.24 30

51 71 98 Q&UC-- 0.50 0.49 0

0 -66 CH 55 24 31 38 81 95 Q 0.60 o

19 -69 CH 55 26 29 40 82 100 Q 0.60 0

20 -72 CH 55 27 28 38 79 90 Q 0.46 0

21 -T5 CL 49 24 25 35 84 93 Q 0.53 0

CONSOL. 1.16 4.00 0.32 16

22 -79 CL 44 24 20 29 92 92 Q 0.87 0

23 -81 Cl. 49 26 23 39 80 93 Q 0.31 0

24 -8..5 Cl 49 26 23 39 79 94 Q 0.17 3.5

All samples frm boring WS-3 were sealed In 5-in.-dig Shelby tubes at site and shipped to

WES; after 6-month storage. ples ere extruded and tested.

* Cheek tests were wade after one-year storage.
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Table 2

Vane Shear Tests Data

Elevation Vane Shear Strength, tsf

ft mlw Peaks Ultimate Remolded

Boring WS-2 - 1277

37.0 0.33 0.24 0.07

39.5 0.29 0.23 0.03

42.0 0.38 0.32 0.05
44.5 0.38 0.31 o.06

47.0 o.41 0.36 0.10

49.5 0.42 0.37 0.09

52.0 O.14O 0.29 0.07

54.5 o.44 0.30 0.07

57.0 0.43 0.35 0.05

59.5 0.40 0.29 0.08

62.0 0.42 0.35 0.10

64.5 0.47 0.36 0.08
67.0 o.148 0.36 o.08
69.5 0.45 0.38 0.05

72.0 o.46 0.36 O.08

74.5 0.58 0.52 0.17
77.0 0.65 0.65 o.18

79.5 o.65 0.52 0.17
82.0 0.79 0.98 0.28

84.5 0.99 0.99 --

87.0 1.08 0.78 0.25

• Elevations are in feet referred to mean low water (mlw).



Table 3

Summary of Drained Shear Strength Tests

Sample Elevation* Type Total Stress Effective Stress

Boring No. ft mlw Class Test** C. tsf 0, deg C', tsf 0', deg

BU-2 6 -32 CH-OH S .. .. 0.00 35

13 -54 CH-OH S .. .. 0.00 29

21 -76 CL-OH S .. .. 0.00 34

DH-11 3 -42 CH R 0.17 15 0.13 37

7 -67 CH R 0.16 13 0.00 4o

WS-3 7 -33 CH R 0.15 14 0.11 35

11 -45 CH R 0.23 13 0.22 28

14 -54 CH R 0.29 13 0.23 30

17 -63 CH R 0.30 11 0.24 30

* Elevations are in feet referred to mean low water (mlw).

* S = consolidated-drained direct shear test; R = consolidated-undrained
triaxial test; C = cohesion; 0 = angle of internal friction.
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Table 7
Strength Paramneters Used in Stability Analyses

Submerged*
Unit Wt. Cohesion

Layer psf ksf Tan 0

1 - Rock fill 1140.0 0 0.577

2 - Saturated rock fill 77.5 0 0.577

3 - Peat 27.5 0.4 0

14 - clay 42.5 0.12 0

5 - Clay 42.5 0.36 0

6 - clay 42.5 o.6 0

7 - Clay 42.5 0.84 0

8 - clay 42.5 1.2 0

9 - Clay 42.5 1.68 0

*Layer I of rock fill was not submerged.



APPENDIX A: SOIL DATA, BORING DH-11 (1975),

Q TRIAXIAL, R TRIAXIAL, An CONSOLIDATION
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0.. ... 10 1 RATE OF STRAIN INCR0 10 16 20

AXIAL STRAIN. Z INITIAL OIAETER. IN. 1.40 1.39

CONTROLLEO-STRAIN TEST INITIAL "EIGHT. IN. 3.00 3.00

DESCRIPTION OF SPECINENS, PLASTIC CLAY ICH). CRAY

LL SI IPL 26 IP1 25 1Os 2.75 JUNOISTURSED SPECIMEN 0 TEST
REMARKSs PROJECT NEST POINT NILITARY - SOUTH FILL

BORINo NO. ON-Il SARLE NO. 4
OEPTRELEV 49.0-51.5 TECH. 000
LABORATORY USNE M0S DOTE 01 DEC 75
TRIAXIAL COMPRESSION TEST REPORT

PLATE A4
A6

S j. 4 ,. *



3.0

C 0.19 T/SF ! 2 3

*0 DEG

TO : 0
E2.0-

0

. 1 1 .. .. .. ..

0 - .0 2-0 3.0 4.0 . 6.0

NORMAL STRESS. T/30 FT

0.6 • SPECIMEN NO. &I Y2 3 4
WATER CONTENT. 2 46.4 SO.6

- :ODRY DENSITY. PCF 72.5 70.3

o SATURATION. X 96.7 96.9

0.4 - --- VOID RATIO 1.3e7 1.460
i MATER CONTENT. Z .

uj -T0 DRY DENSITY. PCF

SATURATION. Z

U S VOID RATIO0 .2 _.
= 0 -2 f- BACK PRESS.. TSF

MIN PRIN. STRESS. TSP 2.0 2.0
-- MAX. OEV. STRESS. TSF 0.36 0.30

TIME TO FAILURE. MIN. 23 36
LLJ..J LLLI. Lh' ..... RATE OF STRAIN INCR

0 5 I0 is 20
AXIAL STRAIN. 2 INITIAL DIAMETER. IN. 1.39 1.39

CONTROLLEO-STRAIN TE,)T INITIAL HEIGHT. IN. 3.00 3.00

DESCRIPTION OF SPECIMENs. PLASTIC CLAY ICH). GRAY

ILL S6 JPL 26 1 P30 03 2.77 JUNDISTURSEO SPECIMEN 1 0 TEST
REMARKS. PROJECT NEST POINT MILITARY - SOUTH FILL

BORING NO. Ow-I AIW LE NO. S
OEPTH/_LV 52.0-54.5 TECH. FAN
LAfBORATORY USE WES RTE 21 sOV 75
TRIAXIAL COMPRESSION TEST REPORT

PLATE A5

A7

* . .- -, ... - V,. -'. S'I " T : .. .. t22



AD-AO89 751 ARMY ENGINEER WATERWAYS EXPERIMENT STATION VICKSBURG--ETC F/G 8/13
INVEST16ATION FOR SOUTH FILL AREA, UNITED STATES MILITARY ACADE-ETCIU)
AUG 80 H M TAYLOR, J K POPLIN, G 8 MITCHELL IAO-RYD-787-(M)

UNCLASSIFIED WES/MP/L-80-7 NL2 '3 EEEllhEE/hh
mmEmmmmmmmEEEEE
EmmmmEmmEEmmmE
mmmmmmmEEEEmmEE
mmmmmmmmmmmmmmfllfllfl
EEEEEEEEmmmmEI
I-EmmmmmEEmmEE



111i 14~ _1__ 2.115
1132 IIIIIIIII

1111 1.11112.0

111125  _L*~ 11116

MICROCOPY RESOLUTION TESTCAR



3.0- - - -

C 0.30 T/SF I 2

*0 0 D0

TAN#- 0
2.0

1.0

JL I &LA-' ... , . ....

0 1.0 2.0 3.0 4.0 5.0 6.0
NORAL STRESS. T/S FT

1.S SPECIMEN NO. &I Y2 3 4
j ATER CONTENT. Z SO.O SO.0
DRY DENSITY. PCF 69.6 69.3

SATURATION. X 94.6 93.6
1.0 -VOID RATIO 1.444 1.461

WATER CONTENT. Z - -

W DRY OENSITY. PCF
SATURATION. Z

. VOID RATIO

W, BACK PRESS.. TSF
"IN PRIM. STRESS. TSF 2.S 2.5

MAX. 0V. STRESS. TSF 0.60 0.61
1TME T0 FAILURE. MIN. 36 21

.. L.....0. 1...... RATE OF STRAIN INCR
0 5 l0 I 20

AXIAL STRAIN. X INITIAL DIAMETER. IN. 1.40 1.40

CONTROLLED-STRAIN TEST INITIAL HEIGHT. IN. 3.00 3.00
DESCRIPTION Of SPECIMENS: PLASTIC CLAY #CHI. ORY-

LL S7 IPL 26 PI1 29 105 2.73 [UNDISTURBED SPECIMEN Q TEST
REMARKS1 PROJECT NEST POINT MILITARY - SOUTH FI.L

BORINO NO. OH-Il SAMPLE NO. 7
0[PT"/ELEV. 71.2-73.0 TECH. CDR

LABIORATORY USPE WES DATE 21 NOV 75

_ TRIAXIAL COMPRESSION TEST REPORT

PLATE A6

A8

,_: - *$w *.. . - -



3.0- - - -

C 0.20 TISF

*= 0 DEC

2TAN:0 0L
.0

10

lil a. - lIAI IL - -

0 1.0 2.0 3.0 4.0 .0 6.0
NORMAL STRESS. T/50 FT

0.6 - - - - SPECIMEN NO. At Y2 3 4

_pMATER CONTENT. Z 55.3 43.2-

9- ~~N' 0. A ENSITY. PCP 69.4 13.7

3SATURATION. 2 tOO. 100+
04VOID RATIO 1.502 1.320 -

W ATER CONTENT. Z
- - W DRY DENSITY. PCF - - - -

g __ ~~~~~VOID PYO 0.- -SAUATION- - - -

USACK PRESS.. TSP .

MIN PAIN. STRESS. TSP 0.5 3.0
ca MAX. 0Ev. STRESS. TSF 0.42 0.33

TIME TO FAILURE. MN. 24 26
L.ALA.LJ.L LLLJ..LLLL RTEOPSTRAIN INCR

0 5 10 is to-
AXIAL STRAIN. 2 INITIAL DIAMETER. IN.1 1.40 *1.39

CONTROLLED-STRAIN TEST INITIAL HEIGHT. IN. 13.00 3.00
ODESCRIPTION OP SPECIMENS: PLASTIC CLAY ICH I. ORAY

LL SS Pt. 27 IP1 23 0OS 2.74 UITA3OSEIMEN 1Q TEST
REMARKS:I PROJECT NEST POINT MILITARY- SOUTH4 PILL

_____________________ TRIAXIAL COMPRESSION TEST REPORT

PLATE A7

A9



C z0.2T T/SF3

o* 0 DED

TON 0 0~

0

LLLL LA..LJ. ~ ~ . .LL .b. [ .L .LL.. . L. . . A .J1 J 1. A AA~. IL.L f
0 1.0 2.0 3.0 4.0 6.0 6.-

NORMAL STRESS. T/SO FT

0.6 SPECIMEN NO. -I -2 3 -

W ATER CONTENT. % 11.6 S3.2

D AY DENSITY. PC? 65.7 63.6 - -

aISATURATION. 1 94.6 sm.

S0.4 - - - VOID RATIO 1.613 1.465 
W ATER CONTSINT. X

DRY DENSITY. PC?

0.2 -_ VOID M IDS T F

"NPRIN. SR3.TSP 0___ 3.0
NAX. 0EV. STRESS. TSP 0.56 0.55
TINE TO FAILURE. "IN. 11 13

LLAJ....LL. LLLL J...L RATE Of STRAIN INCAN
0 S 10 Is to- -

AXI STRAI X INJIIAL DIAMETER. IN.- 1.41 3.42
CONTROILLED-STRAINl TEST INITIAL NEIORT. I14N. 3.00 3.001
DESCRIPTION 0F SPECINENSt PLASTIC CLAY ICMI.l CAI~ SILT LATERS

ILL 60 IPL 21 jPI 31 103 2.56 LuDS ED SPECIMEN 1 0 TEST
REMARKS 'PROJECT NEST POINT NIL ITARY - SOUTH FILL

9ORING NO. ON-11 RSSPE no. 9
________________________OEPTII/ELEV 76.2-78.0 MTC. CR

LABOR l ATOYUK E$ I E 23 it7
______________________ TRIAXIAL COIIPRESSION TEST-REPORT

PLATE A8

A10



C 0.37 I/SF 2 3 4

*: 0 DEB

?AN 0
2. 0- --

0)0

0 . 030"o . .
MONSSRSS /0F

0R DE.0TY 2.0 3.0.0 75.06

SAC RAEIN. LI .3 3 4

- - - - ~~~ MATER CONTENT. 2 16 416 -

Ii. *~~~ DRY DENSITY. PCF 7.67.
a . a ~SATURATION. % . .

SVOID RATIO
0.5 IA.-

19 SACK PRESS.. TSP
"INt PRIM. STRESS. rsir 2.1 2.5

Smx. 0Ev. STRESS. 7SF 0.34 0.61

TINE TO FAILURE. MIN. 19 52
1 1A A.J .L LJI. A. 1-, 1 RATE OF STRMiN 316CR

AXIAL STRAIN. 2 INITIAL DIAMTER. IN. 1.40 1.41
CONTROLLED-STRAIN TE!.,T INITIAL HEIO14T. IN. 3.00 3.00
DESCRIPTION OF SPECIMfENS. PLASTIC CLAY (CM1. GRAY

LL 57 P27 PI 30 105 2.74 JUOISTUNO SPECIMEN Q TEST
WingRWs PROJECT WEST POINT MILITARY - SOUTH4 FILL

______________________BORING MO. ON0-Il jMNLE No. to
________________________ OPTH/ELEV 79.0-79.6 TECH. coA

LABORATORY UmR NESI DATE 20 Nov 71
_____________________ TRIAXIAL COIIPRESSIOI TEST REPORT

PLATE A9

All



3.0
C mm0.52 T/SF1 2 4

* = 0 01G

2.0(I)

1-0

0 1.0 2.0 3.0 4.-50 6.0
NRMALII STRESS. T/30 FT

.5SPECIMEN me. &I Y2 X3

f WATER CONTENT. 2 33.6 34.1 33.7
-- ORY DENSITY. PCF 67.7 67.5 66.2

9 SAT1URATION. 2 "9.4 99.7 1OO.

1- -l -ROI A6TIO 0.315 0.92! 0.906

Oaen NENT1.-.2 TEx6

PLATE RATI
0A15

"I PRIN STES Is 4- 15 .

TIE O AIUR. HIM 17 2

00 5.4 to. Is-



3.0-
c o0.86 T/sF 1. 2 3 4

you 0 00MF F-
.0.0

0 1.0 2.0 3.0 4.0 5.0 6.0
NORMAL STRESS. T/So FT

.0SPECIMEN NO. &I Y2 X3 4

UATER CONTENT. 2 36.1 31.6 3556

OAY DENSITY. PCP 95.3 35.3 *s.8
aSATURATION. X 100. 97.6 9s.S

S2.0 - - VOID RATIO 0.992 0.3.3 0.981
*MATER CONTENT. I

OR? DENSITY. PC?
- ~SATURATION. 2 z

*VOID RATIO

K A PRESS.. TSv
3b HIN PAIN. STRESS. TI? 0.5 1.5 3.0

MAN. DEW. STRESS. TI? 1.40 1.32 1.3

TIME T0 FAILuRE. MIN. 1S 17 22

0 A 6 o is 2 RATE OF STRAIN INCR
AXIAL STRAIN. 2 INITIAL DIAMETER. IN 1.40 1.41 ,1.40

CONTROLLEO-STRA1N (EST INITIAL NEIoNT. IN 3.00 13.00 13.00

DESCRIPTION Of SPECIRENS, SILT INI.. GRAY

LL 44 1PL 23 1 15 5I 2.72 JUNOISTURIEG SPECIMEN 10 TEST
REMARKSs PROJECT MEST POINT MILITARY - SOUTH FILL

_____________________WIND NO. ON-Il SMLE NO. - s

____________________DEPTNIELEV 1.5-33 TEC. 00A

_____________ _LAIPORA1ORUSKAE11 DAE to0Nov 7

______________________ TRIAXJPL COIIPRESSION TEST REPORT
PLATE A

A13

..........



3

IAI

2 1

01
NORMAL STREW~, 0.T/SQ FT

SPECIMEN NO.1 2 3

WATER CONTENT. ~w 15 ~ 5. __

I ~ ID I - RY DENSITY
I- I ! Lb/ Cu PT 6. 947.

- - ATURATION. . *97.1 98.9 98.8 __

2 1 1 1 1 1 1 1 ~ VOID RATIO 14 .614

bWATER CONTENT, S WC 38.6 37.0 133.9___
S DY DNSIY V 79-5 82.7 88.3 __

USATURATION. % sc ~~~~2±~ 93
fVOID RATIO ec 1.14 1.06b.931

a :'MAL SACKY.T
RessuRfE. T/S 5PT _5_0_5_ 0

>M MINOR PRINCIPAL 0
D S~~TRESS. T/SO PT 10 20 .

MIAXIMUM DEVIATOR -I 17
STRESS. T.50 PT .17 17712.6

0TIME TO (0, - I~I MON tf1000 1071 11028___
a - ULTIATE DEVIATOR 1

AXIAL STRAIN. s INITIAL DIAMETER. IN. D 1.38 1.38 8
CONTROLLED- strain TEST INITIAL HEIGHT. IN.1 . 3.00 3.0 3.00
DESCRIPTION OP, SPECIMENS F[JL.TIC CLAY(CH),z

LL - PL -P1 ** YPE P SEC IEN ~NDI 'IJ~~DTYPE oP TEST

REMARKS:See attached sheet for PROJECT WEST POINT, N.Y.
effective values. *Pore pressure
response indicated 100% saturation ioRiNG NO. DH-11 SAMPLE NO. 3

_________________________________ 46.5-49.0

LA0ORATORY TMAEWS DATE 12 Jan. 1976

ISheet 1 of 2. TRIAXIAL COMPRESSON TEST REPOT
CRNS FORM No.
oEv JUNE 1070 "W PREVIOUS EMITION Is OllLeTe ?WANU.UCET (EM If110-2-I 90)

PLATE A12
(SHEET I OF 2)

A.14



0 - .1 2rlw

IAER O TE. f il [ 1 1 1 1 1 1

f I i l

I' SAUI I I

0 -- ---- __

* FIAL SRSCK Tsor

PRESURE CONTE T We
.DRY DRINIPALd
STRSS CUS FT

A MAIU DEIAO I IO

OIMTD 0 RATIO . MN

1 0 ULTMAT DEVSITOR 10-

S 10 IS ~ ~ X4TR T FT_______

AXIAL~ STANVOIIID DIAMTER. IN.I

CONTROLLED.4 TET INAL HEIHT INKN

DESCRIPTIONRE OF PECMEN

REMARKS:INO PRECIPSAOLT

-DIN ND -H1 SAPL NO 3 TES QF

- - -- DEMTIMU EEVA O to6. -a) .

0=ULIATEOR ATOR ItoE DT 2Ja.17
She 20 o1 2. TRAA COMPRSSIO TESREOR

6MG FOR NO.IAL PR VOSRA IN IO WL T IN TIA L I TR IN. 11 O 9 6

LL~PLT A121. ES

r~(SHEET 2 of 2)

A15

7. 7



S13

-L- R 1
-1 Li

TA .3

0 2 3 -- 5
NORMAL STRVESS,. 0. T/SO FT

SPECIMEN 0O.01 2 3
WATER CONTENT.~ we 51.6 49.4 5o -

16 Oe" c TV 'd* 70.8 71.2 72.4

2I-

FVOID RATIO % 1.41 1-39, 1-35
II ATER CONTENT. 111~ 49.4 43.0 39.2

Li I an D RYENSITY Ya 7.1 8o..3 82~.4
hi LG/CU nFT

N IISAURTIN.% sc 100+ 100+ 100

IL VOID RATIO e, 1.30 1.12 1.07 __
FINAL. BACK
PRESSURE. T/SO FT 5.0-c 4 5o

W -- MINOR PRINCIPAL
OSTRE~S T/SQ FT 10 2.0 3.0

0~~~ TL AIMOU EVITONR ~ 48 07 0
* 0

AXIAL STRAIN. .% 11IILrA111T~t N 1.40 1 .40 1.40
CONTROLLED- strain TEST 11IINNE96IGN .Z .0 300 13.00

OESCRIPT4ON OF SPECIMENS PIASTIC CIAY(CH) ,gray

LL PI--1 02.73 : TP OF SPEC IMEN U1NDISTLU1D ITYPE OF TEST JR

REMARKS: See attached sheet for PROJECT WEST POIN~T, N.Y.

effective values.
soCRiNG No. DH-11 s0.MPLE NO. 7

OEPTNELEV 71.2/173.0
LABORATORYUSJ.EWES 1OAT77 10 Jan. 1976

1heet 1 of 2. *m MM RAXIAL COMPRESSION TEST REPORT
RMG PORm NO.
RE11V JUNE 0970 ams PREVIOUS to-flow I SOwSLaE?a TRPILUCUT (EIM 1110-2-I W6)

PLATE A13
(SHEET I OF 2)

A16

ON ~-



Efe.iv NOA AThESS ifT5QF

40 SPEifE IMO. 111

TAN#= 0.TET. 40 ____if

I

0 2 3OI RAI

WATER CONTENT, % 0

eT II I - -- 0- M SATURATION.,

SVOID RATIO C
WATER__CONTENT. %___

:i.~ U rIA SC

0 PRESSURE, T/SO FT
71INOR PRINCIPAL
STRESS. T/SO FT
MAXIMUM DEVIATOR I I7I -a f~

STMESS T 'O FO T I I . .. jt

UTIME DEIAO (0 1 MIN~

5 10 ISo a T TO N . - -

AXIAL STRAIN. o, % IINITIAL DIAMETER. IN. [.

CONTROLL-ED- TEST INITIAL HEIGHT. IN. .

DESCRIPTION OF SPECIMENS

LL I*1 . TYPE OF SPECIMEN TYPE OF TEST

REMARKS: PROJECT WEST POINT, N.Y.

ECRINO No. DH-11 ISAMPLE MO. 7
________________________________ 71-2/73.0

LAUORATORUSAEWES IDATE 1 aJ7

ISheet 2 of 2. Jims TRIAXIAL COMPRESSION TEST REPOT
Sklo FORM NO. 208 PREVIOUS ESITIONis I0SOLSTE ThANU.UCENT (EX 1110-2-19W6)

NEW UNC 970PLATE A13
(SHEET 2 OF 2)

A17

go I ~ iA



Coeff c ent Peor amJ4lty, k", 10" c/us

0.1 0.2 0.3 0.40.65 1 2 3 4 5 10 20 25
1.6 . 0

1.5

1.14 - "l1.44

1.3

~1.2-

1.0 '

0.9 ,

0.8 -

0.7-0.1 0.2 0.3 o.40.5 1 2 3 4 5 10 20 25

Pressm, p, T/eq ft

TyPe or Spe flen UNDISTURBED etore Test After Teat

D~m 14.25 in. Ia 1.1555 in. Water Cntent, 57.1 % V ___

Overburden Pressur, Po T/q rt Voitatio, •o  1.60 ef

preccmaol. Pressnur, PC T/q ft fttumttio, So  97.3 % s%

Comressom Index, C Dry Density, va  65.5 lb/ft 3

Clasition PLASTIC CIAY(CH) k20 at •o x 10 a/sec

LL -10 2,73(R) Project WEST POINT, N. Y.

a-rk *gray IArea

Boring No-. DH-11 18al JN. 197
Sheet 1 of 5 i . 9t 1 4 Jan. 1976

JAL CONSOLIDATION TEST REPORT
asia Pusa 2MW p06vious 19u1oW A 0, eaLEyg ewamaITRJ s a 4 2t 4

I MAY 4

PLATE A14
(SHEET 1 OF 5) A18

* . A&



980 * 0.8 0.5 1 a I I@ a a OOS m so no 5
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240 0.2 0.8 1 2 5 10 20 so 100 200 80 10002000

INI
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as
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30.1 0.2 0.31 2 5 IS 0 so iftm mlw

31400 '7 1k- I II IIII 1

3600 -f I i-1 11

3800

11-4-
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"4A 4200i
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Coefficient or ?,m)ltuy, bL, 10" ae/s

0.1 0.2 0.3 o.0.5 1 2 3 4 5 10 ao25

1.3-

1. -

ec

1.1 I

V .9-

0.8-

0.7-

0.6-

0.2 0.2 0.3 040O5 1 2 3 I4 5 10 20 25
Pressure, p, T/sq ft

Type of Specluan UNDISTURBED Before Test After Test

mm. 2. 50 n St 1. 4003 in. vaer Content, v 0  43.2 % vf %

Overburden Pressure, Po T/sq ft Vold hatlo, e0  1.*15 ________

Preammsol. Pressure, Pa T/sq ft 86turation, So 100+ % f %r

Camresslam Index, Cc Dry Density, 7. 79.3 lb/f J
ClsifctinPLSIC CLAY(CH ,* k 2 0 at 90  x 10 cm/ec

LL 56 Jo .3Project WEST POINT, N. Y.

lkworke re

Initial void ratio held Boig o DH-11 sal go. 11

Depth
constant by p= 0,036 TSF after 20838 Dt 4 a.17

inundation. *gray CONSOLIDATION TEST REPORT

! 11 I

one roomWAY 0 PREVwU8 904yGaul Ame ODILStEY (VANSLIJC&NT) 8 4254

A23 (SHEET 1 OF 4)
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2800

2400
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320d

3300

3400
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APPENDIX B: SOILS DATA, BORING WS-l (1977), 
-

UNCONFINED COMPRESSIVE STRENGTH

Bl



1.2

1.0 --

0.8 1A

0.14

/ SAMPLE ELEVATION WATER DRY DENSITY,
NO. FT 14LW CONTENT3, POF

0.2 1A 317-9:3-.2 110.2 3.
1B 31.0-31.6 1214.8 36.3

0 2 14 6 8 1.0
AXIAL STRAIN, %

PLATE BI

B3

.~~ . ... .... ...



o.8

2B

o.6 -2

.4

/ SAMPLE ELEVATION WATER DRY DENSITY,
/ NO. P? MLW CONTENT % PCF

0. 2A 3C-. -49.8 71.1
02/2B 36.0-36.6 50.3 10.5

0
0 2 46 1.0

AiIAL STRAIN, %

PLATE B2



1.0

3B
0.8

o .6

0. sANpLE ELEVATION WATER DRY DENSITY,
02 / NO. FT MLW CONTENT, PCF

3A 417.6-4.2 49.1 T1.9
3B 41.o-41.6 46.9 73.7

0Ut
02 4 6 8 1.0

AXIAL STRAIN, %

PLATE B3

B5



1.0 -

0.8 4B

o.6 /

/
0.4

/ SAMpLE ELEATION WATER DRY DENSITY,
0.2 / NO. FT MLW CONTENT, % PCF

4A 4~I* =V 7. 8.1.5
4B 46.o-46.6 49.2 71.4

0
0 2 4 6 8 1.0

AXIAL STRAIN, %
PLATE B4

B6

• • ... - , .,. , • . -.:. ; . ... - .A
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1.0

io.8

o.6 - 1005B

/ SAMPLE ELEVATION WATER DRY DENSITY,
NO FT NLW CONTENT %PCF
5A 51.0-51.6 48172.8
5B 50.4- 51.0 47.9 72.7

0 1 - I - I -- - -

0 2 4 6 8 1.0
AXIAL STRAIN, %

PLATE B5

B7

-z~~~~... ....-- --.. ~ ~ ' . ~



1.0

6A

0.8 6

0.6

E-4

SANM ELEVATION WATER DRY DENSITY,I NO. FT~ MLW CONTENTJ PC
U 56=65T.2 51.5 6.

0.2 / 6B 56. 0-56.6 51.5 69.5

0
0 2 14 6 8 1.0

AXIAL STRAIN, %

PLATE B6

B8

*. . . . .. .~ow



1.2

TB

1.0

0.8/

a 7A

~o.4

0

0.2 ~ ~ ~ ~~ PLT SABEEEATO7AE DYDNIY

NO F MW OTETB9 C

TA OR~ 8 907.
TB~ ~~~ 616622 5.u7.



8A PRAK AT 19.2%
8B Mla AT 20.0%

0.2

0.- - -8

0 2 4 6 8 1.0
AXIAL STRAIN, %

SA1MM ELEVATIONi WATER DRY DENSMT,
NO. FT 1.UA CONTENT.% PCF

--T- 6C7.0 51.5 73.2
8B 65.8-66.4~ 51.1 69.1

PLATE B8

BIO



1.0

0.8 -9A

o .6 /

0.24

0. / .
AXIAL DENSITY,

/ ~ ~ ~~~~LT B9~EFIfM OTN C



1.4i

IOA
1.2

1.0

lOB

o .8 '-

o.6/

0.24

IQA T6.6-77.2 43.2 77.1
10B 76.0-76.6 39.1 T9.9

0
0 .2' 14 6

AXIAL STRAIN, %

PLATE B10

B12



2.4~

2.01A

1.6

~1.2

o.8

0.4 SAMPLE ELEVATION WATER DRY DENSITY,
NO. * T M W COTN PC?
11A 82.26 34.9 8.
11B 81.4i-82.0 35.5 85.14

0
0 1 2 3 34 5

AXIAL STRAIN, %

PLATE Bll

B13



SAMWL ELEVATION -WATER DRY DENSITY,

2.0,- NO. T kLW CONENA PCF
12A 8 =.-T. 2 34.086.
i2B 86.o-86.6 33.7 8T.3

12B

1.6 /
I 12A

1.2 /

I, 

/

c0.8/

o.4#

0
0 2 4 68

AXIAL STRAIN, %

PLATE B12

B114



1.6

I'\

1. 3B\ 13A

/
1.2 -

1.0 -

0.8

0.6 /

5I
o.4

SAMPLE ELEVATION WATER DRY DENSITY,

I NO. FT MLW CONTENT PCF
13A 91.- . 83.2
13B 91.2-91.8 34. 86.8

0 2 4 6 8
AXIAL STRAIN, %

PLATE B13

B15

i gab



APPENDIX C: SOILS DATA, BOEING WS-2 (1977), VANE SHEAR

Cl

A"--



800

CORECTED

600

4o -0 VANE DEPTH- 42.85 Fl'

200
REMOLDED

'0 fopI I I

'0 10 20 30 40 50
ANGULAR DISPLACEMENT,* DEG

0 20 40 60 80

PLATE Cl

C3



500 ~

P40

300 VANE DEpTH' 45.35 FT

200

100 -REMOLDED

0 __ i
0 5 10 15 20 25

ANIGULAR DISPLACEMENT, DEG
0 10 20 30

PLATE C2

c4



800

03

- VANE DEPTH 47-85 FT

200

REMOLDED

0
0 10 20 30 4

ANGULAR DISPLACEMENT, DEG

0 10 20

PLATE C3

C5

" M'



6o

VANE DEPTH 50.35 FT

&4

200

REMOLDED

0
0 5 10 15 20 25

ANGULAR DISPLACEMENT,* DEG
0 5 10 15 20

PLATE C4

c6



1000

t 800

6o 60o
VANE DEPTH 52.85 FT

200 -PEMOLDED

0 5 10 15 20 25
ANGULAR DISPLACEMENT, DEG

0 10 20 30 14o

PLATE C5

C7



1000

800 -C ORRE CT ED

00

4.oo

200 REMOLDED

0 0 5 10 15 20 25
ANGULAR DISPLACEMENT, DEG

0 0 20 30

PLATE C6

c8

d1
I- ., ,, ,



1000

800

6oo

U VANE DEPTH 57.85 FT

400

200 REMOLDED

0
0 10 20 30 40 50

ANGULAR DISPLACE MEN T, DEG
0 10 20 30 4

PLATE Vl

09



1000

800

S600

vANE DEPTH 60.35 FT

S400

200 -REMOLDED

0
0 10 20 30 4o 50

ANGULAR DISPLACEMENT, DEG

PLT 80 10 20 30 4o

cia



1000

800

CORRECTED

oo*, 600

VANE DEPTH 62.85 FT

4oo

200 REMOLDED

0 10 20 30 40 50

ANGULAR DISPLACEMENT, DEG
0 10 20 30 4o

PLATE C9

Cli

.C



1000

800

CORRECTED

600

- VANE DEPTH 65.35 FT

2400 RMLE

20

0 10 20 30 4o 50
ANGULAR DISPLACEMENT, DEG

0 10 20 30 140

PLATE C10

C12



1000

800

16 oo -VANE 
D EPTH , 6 T'.8 5 FT

400

REMOLDED

200

0 5 10 15 20 25
ANGULAR DISPLACMNT, DEG

0 20 4o 60

PLATE CII

C13



1000

800

VANE DEPTH 70.35 FT

200 REMOLDED

0310 20 30 140
ANGULAR DISPIACEMNT, DEG
0 10 20 30

PLATE C12

c1i4

...... .......



1000

8oo

VANE DEPTH T2.85 T

200
REMOLDED

0
0 5 10 15 20 25

ANGULAR DISPLACEMENT, DEG
0 10 20 30

PLATE C13

C15

...... .. ....... ......... v ' ~ .



1000

Boo
CORRECTED

0-600
0

M VANE DEPTH 75.35 FT

200 REMOLDED

0 10 20 30 4
ANGULAR DISPLACEMENT, DEG
0 50 100 150

PLATE C14

c16



1000

8 00

VANE DEPTH 77.85 FT

200

REMOLDED

0
0 5 10 15 20 25

ANGULAR DISPLACEMENT, DEG
0 10 20 30

PLATE C15

C17



1200

1000

8oo

VANE DEPTH 80.35 FT

N 600

140

200

0
0 5 10 15 20 25

ANGULAR DISPLACEMENT, DEG
0 2 14 6

PLATE C16

C18



1400

1200CORCE

1000

800 VANE DEPTH 82.85 FT

6oo

I4oo -REMOLDED

200

0
0 10 20 30 40 50

ANGULAR DISPLACEMENT, DEG.

0 10 20 30 4o

PLATE C17

C19



11400

1200

CORRECTED

1000

VANE DEPTH 85.35 FT

800

co

ci,

400
REMOLDED,

200

0
0 10 20 30 140 50

ANGULAR DISPLACEMENT, DEG

£0 10 20 30 40

PLATE C18

C20



2500

CORRECTED

2000

~'1500

W VANE DEPTH 87.85 FT

1000

REMOLDED.
500

0
0 20 4o 60 80 100

ANGULAR DISPLACEMENT, DEG
0 20 14o 60

PLATE C19

C21



2500

2000

CORRECTED

1500

E--

1000 VANE DEPTH 90.35 FT

500

* EQUIPMENT MALFUNCTION

0 1 L
0 5 10

ANGULAR DrSPLACEENT, DEG

PLATE C20

C22

- ~~..- ~ *~B ff Ar,,,



2500

2000

1500

VANE DEPTH 92.85 FT

1000

REMOLDED

500

0
0 10 20 30 40 50

ANGULAR DISPLACEMT, DEG
0 5 10 15

PLATE C21

C23



APPENDIX D: SOILS DATA, BORING WS-3 (1977),

Q TRIAXIAL, R TRIAXIAL, AND CONSOLIDATION

Dl

~ .d



.3.0 _ _ _ _ _ _ _ _ _ _

C :0.30 T/SF 1 2 3 4

*b 0 DEC 0 -TAN : 02.0

1.-

cr

0 i.O 2.0 3.0 4.0 S 0 6.0

NORMAL STRESS. T/SQ FT

SPECIMEN NO. &I Y2 I X3 4

. WATER CONTENT. . 65.7 77.6 66.6

__. DRY DENSITY. PCF 56.7 52.4 56.0

C3 SATURATION. % 97.8 97.1 97.4

1 i.o VOID RATIO &.713 2.o39 1 .744

w WATER CONTENT.

! DRY DENSITY. PCF

SATURATION. " -

,Ao VOID RATIO

" 0. BACK PRESS . TSF

MIN PRIN. STRESS. TSF 0.5 1.5 3.0
- MIX. 0EV. STRESS. TSF 0.54 0.61 0.64

TIME TO FAILURE. MIN. 42 43 3_

UL ! LL U .L|4L. RiTE OF STRAIN INCR,4_
0 5 1D 15 20

AXIAL STRAIN. "7 INITIAL DIAMETER. IN. 1. 33 i-39 1.39

CONTROLLED-STRAIN TEST INITIAL HEIGHT, IN. 3.00 3.00 3.00

DESCRIPTION Of SPECIMENS, SILT (MMI. DARK ORAY,

LENSES OF ORGANIC MATTER

LL 82 PL 43 1P, 39 Gs 2.ss [UNDISTURBED SPECIMEN 1 0 TEST

REMARKS. PROJECT SOUTH FILL AREA U.S. MILITARY

WEST POINT. NEW tOKBORING ,,O. ,s-3 ISML ,H'E NO.2
0 EPTH/EE 240-2-2 1TECH RE
LABORATORY USAE WES DATE 22 AUG 77

1 TRIAXIRL COMPRESSION TEST REPORT
FNa JUWU No. S Powlsous eamvo. gsoew".I TEANECENT (EN 1110-2-506)

mff juolis $19"70 AN IC

PLATE 0l

D3

A-A



3.0 C 0.30 T/SF

T = 0 DEG

I.-
U) 2.0

I,-- - --,-._uJ

,- 1.0

cr

±4L J ±J £L± LN JL '11 4JloL ±111 I llt

0 1.0 2.0 3.0 4.0 5.0 6.0
NORMAL STRESS. T/SO FT

1.5 SPECIMEN NO. 61 1 Y2 I X3 4

WATER CONTENT. /. 171.8 169.21 174.7

5-. ' DRY DENSITY. PCF 27.1 27.9 26.9

o SATURATION. " 1O- 100. 1 _00-

_ 1.0 -. _ VOID RATIO 2.519 2.429 2.545

cc WATER CONTENT. I/

__ DRY DENSITY. PCF~(nI
U)SATURATION.

ix VOID RATIO
0.5 /' r oJ RCK PRESS • TSF ~I

MIN PRIN. STRESS. TSFI 0.5 1.5 3.0

____ - A. DEV. STRESS. TSF 0.54 0.59 0.64

TIME TO FAILURE- MIN. 31 31 31

.LLL± .LLLS ..LLLJ. IS'= RATE OF STRAIN INCR.%4
0 5 10 is 20

AXIAL STRAIN. 1 INITIAL DIAMETER. IN. 1.39 1.39 1.39

CONTROLLED-STRqIN TEST INITIAL HEIGHT. IN. 3.0G 3.00 3.00

DESCRIPTION OF SPECIMENS. ORDANIC SILT (OH). DARK BROWN

LL 257 JPL 128 IP1 129 1GS 1.53 [UNDISTURBED SPECIMEN,1 0 TEST

REMARKS. PROJECT SOUTH FILL AREA U.S. MILITARY

WEST POINT. NEW YORK

BORING NO. WS-3 SAMPLE NO. 3

DEPTH/ELEV 27.0-29-3 TECH. RE

LABORATORY USE WES DATE 23 qUO 77

TRIAXIRL COMPRESSION TEST REPORT
at .R N F3 i V'ous aroom isovsLtea TRNMU.UCVNT (EX 1110-2-1906)

PLATE D2

DI4



3.0--__

I-I

3C 0.18 T/SF

1 2 3 4

TAN c . 0
2.0

-I0

r -7 1 -. -l -. I I - I

0 1.0 2.0 3.0 4. 0 S.0 6.0
NORMAL STRESS. T/SO FT

0.6 SPECIMEN NO. T Al Y2 X3 4

WATER CONTENT. "* 116.6 121/.71 118.1

DRY DENSITY. PCF 38.1 36.8 3".7

-- SATURATION. "4/ 94.8 94.5 94.6

0.4 VOID RATIO 3.000 3.141 3.045

cc WATER CONTENT. %

- ~- - DRY DENSITY. PCF

SATURATION. 6

oVOID RATIO
) 0.2

BACK PRESS., TSF
MIN PRIN. STRESS. TSF 0.5 1.5 3.0

- MAX. DEV. STRESS. TSF 0.36 0.37 0.37 "

TIME TO FAILURE. MIN. 31 29 29
C Is I I a I L a i I RATE OF STRAIN INCR.__
C 0 1 5 1 20.
AXIAL STRAIN. Yo INITIAL DIAMETER, IN. 1-38 1.38 1.38

CONTROLLED-STRAIN TEST INITIAL HEIGHT. IN. 3.00 3.00 3.00

CESCRIPTION OF SPECIMENS. ORGANIC SILT (OH). DARK CRAY AND BROWN MOTTLED

LL 164 JPL 99 IPI 65 1S 2.44 JUNDISTURBED SPECIMEN I o TEST
REMARKS& PROJECT SOUTH FILL AREA U.S. MILITARY

WEST POINT. NEW YORK

BORING NO. WS-3 SAMPLE NO. 4

DEPTH/ELEV 30.5-32.75 TECH. KOC

L BOR TORY USE WES DATE 23 AUG 77

TRIRXIAL COMPRESSION TEST REPORT

Rho FUM NO. 2m Pmvlous coEmoisoimLeTe TRANLUCENT (Et 1110-2-1906)YJUNlE 19"0

PLATE D3

D5



C 0.16 TS!

cb 0 DEC__

__STRELINW . TOO LOW TOPO

L" T lN ±± TO 0l

0
NORMAL STRESS. T/SG F T

0.6 _ 1 zzE
T ~r ;06SPECIMEN NO. I Y2 IX3 4

WATER CONTENT. ". 69,2 68.6 !65.4
cc

DRY DENSITY. PCF 57.0 57.4 59.5

o ziSATURATION. "6 95.. 96.3 97.0

0.4 - - VOID RATIO 1.926 1.902 1.800

• WATER CONTENT. 
,, _,w_ DRY DENSITY. PCF

h u., SATURATION. V.

02 oVOID RATIO

O.- BACK PRESS TSF

Mj MIN PRIN. STRESS. TSF O.$ 1.5 3.0

- . MAX. DEV. STRESS. TSF 0.27 0.31 0.39

TIME TO FAILURE. MIN. 30 30 30

'0 , I-L .I I , Is 2L 0 RATE OF STRAIN INCRV,0 S 10 15 20

AXIAL STRAIN. V INITIAL DIAMETER. IN. 1.38 1.38 1.38

CONTROLLE3-STRAIN TEST INITIAL HEIGHT. IN. 3.00 3.00 3.00

DESCRIPTION OF SPECIMENS. PLASTIC CLAY (CH), RAY AND BROWN MOTTLED,

DECAYED WOOD

LL 85 JPL 28 Pi 57 ICS 2.67 JUNGISTURBED SPECIMEN I Q TEST

REMARKS. PROJECT SOUTH FILL AREA U.S. MILITARY

WEST POINT. NEW YORK

BORING 1N0. WS-3 SAMPLE NO. 5
DEPTH/ELEV 33.0-35.78 ] TECH. KOC

LABORATORY USAE WES DATE 23 AUG 77

I TRIAXIAL COMPRESSION TEST REPORT
ING rOom NO. n poviOus loft Immove TAIU=FMT (Em 1110-2-19m)
loEv JUNS1 iIs"

PLATE 04

D6



C 0.12 T/SF

0 DEG

TAN cb 0 L

IST LINLT S TOO LOWN T PLO

*~~~~ I I I I~ IJ I i I4 LW ~LL £L I IAI III

NORMAL STRESS. T/SQ FT

0.6 SPECIMEN NO. Ai Y ] X3 4

SWATER CONTENT. 1/ 48.7 51.2 1 48.8

___ __ ___ -. ~ DRY DENSITY. PCf 69.7 68.0 70.1

zSATURATION. 1. 92.4 93.2 93.5 __

S0.4 VOID RATIO 1.428 1.489 1.414

WATER CONTENT. V __ __ __

,DRY DENSITY. PCF

ce

"N T SATURATION. LP

oVOID RATIO

~O.2 BACA~ PRESS . TSF

MIN PRIN. STRESS. TSF 0 5 1.5 3.0

M9XR DEY. STRESS. TSF 0.22 0.23 0.29

TIMlE TO FAIL JRE. MIN. 33 32' 33
oL~L -j . RATE OF $TRAIN INCR A _.__.

0 5 1 5s 20
AXIAL $TRAIN. V INITIAL DIAMETER. IN. 1.39 1.39 1.39

CNTROLLED-STntN TEST INITIAL HEIGHT. IN. 3.00 3.00 3.00

DESCRIPTION OF SPECIMENS. CLAYEY SILT (MT). DARK GRAY. A FEW SHELLS

LL 56 JPL 30 1P. 26 6 2.71 JUNDI5TURE SPECIMEN 10 TEST
REMARKS. PROJECT SOUTH FILL AREA U.S. MILITARY

WEST POINT. NEW YORK

" ' MqX.RINGEN. SS SAMPL 0.NO.3IO. 6
~T /E qLE, 6.0-3 3 TEC. RE

LABOFRTORY A WE$NOAT, 23 AUG 77

___NTRLL __-_T ____T __T __ N IIA_ TI TI.LCOMPRESSION TEST REPORT
9"a FORM BO. NO. s move TEMNUT ( 1110-2 1906)

PLATE D5

D7

-;.. . .. : .. ' m 
- ',

.V .,. , ,- --



3.0 - 1 -

c z 0.18 T/sF 1 2 3

co 0 DEG

U. TAN 9b 0
2.0

or

, I I I l I i ) 1 1 1 . 1A I7 . = l f I IIiI flI IIII i I I II I II fIlail

L.0 2.0 1.0 4.0 5.0 6.0
NORMAL STRESS. T/SQ FT

0-6 . SPECIMEN NO. A LI Yc X3 '' 4

-WATER CONTENT. . 52.6 53.0 $2.4

-- DRY DENSITY. PCF 68.2 67.4 67.7

SATURrTION. 96- 95.5 95.1

0.4 VOID RATIO 1.462 1.492 1.462

* iWATER CONTENT. "/__

_____ DRY DENSITY. PCF

I.- SATURATION. "/_

ac o VOID RATIOto 0.2 u'- ,'
CEco BACK~ PRESS.. TSF

MIN PRIN. STRESS. TSF 0.5 1.5 3.0
C - - - MAX. DEV. STRESS. TSF 0.33 0.34 0.39

TIME TO FAILURE. MIN. 22 22 16 __

Li. ,,L, IJL I~LEL RATE OF STRAIN INCR.%
O 5 10 1 5 20

AXIAL STRAIN. */ INITIAL DIAMETER. IN. 1.39 1.39 1.39

CONTROLLED-STRAIN TEST INITIAL HEIGMT. IN. 3.00 3.00 3.00

DESCRIPTION OF SPECIMENS. PLASTIC CLAY (CH). GRAY

LL 61 PL 28 PT 13 05 2 .69 JUNDISTURBED SPECIMEN Q TEST

REMRRKS, PROJECT SOUTH FILL AREA U.S. MILITARY
WEST POINT. NEW YORK

BORING NO. _S-3 I SAMPLE NO. 7
OEPTHIELEV 39.0-4t.3 ] TECH. JMS

LABORATORY UAE WES DATE 2 AUG7
TRIXIAL COMPRESSION TEST REPORT

lIiwul o PAIDCliS gugylow .soeuim...'l TlhDMSl~uculllr (il 1110-2-I06)

PLATE D6

D8

.; .... . . ....... .. ~~~~ . .- i.'t) ; l ii>+



3.0 Cz0.214 T/SF

co, = 0 DEC

u- TAN 4b 0in2.0
c-

.-)

(.1

uJ

]if LLL t LL± 11111fiA ±LL 1L ± :
S1.0 2.0 3.0 4.0 5.0 6.0

NORMAL STRESS. T/SO FT

0.6 SPECIMEN NO. I Y2 X3 ,4

.i WATER CONTENT. "'. 46..3 46,4 45.6

-- DRY DENSITY. PCF 73.0 72.8 73.51

C3 SATURATION. " 95.6 95.2 95.6
.n

S0.4 - VOID RATIO 1.308 1.317 1.293

" /WATER CONTENT.
.! DRY DENSITY. PCF

w SATURATION. _ _

w o VOID RATIO
0.2 -, - -

- BACK PRESS-, TSF

MIN PRIN. STRESS. TSF C.5 1.5 3.0

-- MAX. 0EV. STRESS. TSF 0.45 0.46 0.56 1

TIME TO FAILURE. MIN. 30 30 31
" I LJ = = , LLL.L .LL . RATE OF STRAIN INCR-%

0 5 O 15 20
AXIAL STRAIN. ' INITIAL DIAMETER. IN. I.38 1.38 1.38

CONTROLLEO-STRRIN TEST INITIAL HEIGHT'. IN. 3,00 13.00 3.00=

DESCRIPTION OF SPECIENST PLASTIC CLAY (0H4 CRAY&E
1/.4" SH-E.LS T",ROUGHOUT

~ ~ ~ ~ T sNIP*CI' 1 .oISTURSED SPECIMEN I TEST

LL JUN 070 5 1 I2 S .0j

REMARRKS# PROJECT SOUTH FILL AREA U.S. M ILITARY

WEST POINT. NEW YORK

BORING N0. WS-3 ISAPPLE NO 8

DEPTH/EIEV 42.0-44.28 TECH. KOC
LABORATORY USAE WES DATE 23 AUG 77

TRIRXIAL COMPRESSION TEST REPORT

= Omv JNO to"n p ZWo"t almn¢" is *§.L*? TRtAN.UCEXT (EX 1110-2-190)

PLATE 07

D9

,.v ,-.o , . , .



3.0 C 0.20 /SF It 2 3 4

qb- 0 DEC

TAN cb 0
u' 2.0

S.

I-I
w- 1.0-

0 1.0 2.0 3.0 4.0 5.0 6.0
NORMAL STRESS. T/SO FT

o_- SPECIMEN NO. 61' Y2 IX3 4

-_-. DRY DENSITY. PCF 70-2 69.0 68.6
SATURATION. '/ 96.7 95.4 95.2

Z 0.4 -/ - VOID RATIO 1.394 1.4321-447

( WATER CONTENT. ", __""_ ____

( DRY DENSITY. FCF

SATURATION. 1./

- - ~ VOID RATIO
0.2 BACK PRESS.. TSF

MIN PRIN. STRESS. 1SF 0.5 1.5 3.0
C3 MAX. 0EV. STRESS. rSFI 0,35 0.39 0.45

TIME TO F'ILURE. MIN., te 19 2O
fLill i I IL 1 111 RATE OF STRAIN INCR-1/

0 5 20 15 20
AXIAL STRAIN. 1/9 INITIAL DIAMETER. IN. 1 .40 1.39 i1.39

CONTROLLEO-STRPAN TEST It-rITIAI. VHElQvil. IN. 3 .001 3.00 13.00
DESrRIPTION OF SPECIMENS- PLASTIC CLAY (CH). GRAY. A FEW SMALL SHELLS

LL 52 [PL 29 jPI 23 85s 2.69 [UNDISTURSEO SPECIMEN 1Q TEST
REMqRKS4 PROJECT SOUTH FILL AFEA U.S. MILITARY

WEST PGINT. NEW YORK

BORING NO. WS-3 SAMPLE NO. 9
CIEPTH/ELEV 45.0-47-2 TECH. JMS

LABORATORY USAE WES OIDITE 23 AUG 77

__ _ _ _ _ TRIAXIRL COMPRESSION TEST REPORT
av JUom NO. p osav ia.. aog,.gtm TRANSLUCENT (EM 1110.2-1906),: V JUNK 1170 2 9 PROS94INI 9Otl

PLATE 08

D10

_, -, _,i.. ,.,,j j. .' ,. .. ., ... . ; ... .... .. .. .. ..



* ~~~~~3.0 ___________
C 0.18 T/SF

c€. 0 DEG

" TAN qb :.0

o 2.0

.0

cr

0 1.0 2.0 3.0 4.0 5.0 6.0
NORMAL STRESS. T/SQ FT

0.6 SPECIMEN NO. I Y2 I X3 4

-IWATER CONTENT. "4 43.3 45.2 44.2

- -C_,DRY DENSITY. FCF 75.7 73.5 74.3

o3 z SATURATION. 948 93.9 93.5

0.4 - VOID RATIO 1.242 1.303 1.286

ac WATER CONTENT. "

__ w_ DRY DENSITY. PCF

to SATURATION. 7, :_--_

SVOID P~ATIO____________
S0.2 - '-__

", BACK PRESS.. TSF

MIN PRIN. STRESS. TSF 0.5 I. 3.0
M fAX. DEV. STRESS. TSF 0.33 0.39 0.36

TIME TO FAILURE. MIN. 17 16 20

L.LLL .I JI. LLLL £ ±i I RATE OF STRAIN INCR.*/
0 5 10 i5 20 -

AXIAL STRAIN. / INITIAL DIAIETER. IN. 1.40 1.39 1.39

! NTROLLED-STRA[N TEST INITIAL HEISHT. IN. 1300 3.00 3.00

DESCRIPTION or SPECIMENS PLASTIC CLaY (CHI. GRAY.

A FEW SMELLS TO 1/4'

IL 50 PL 25 P1 25 GS 2.72 1UNDISTURBED SPE C4MEN 1 0 TEST
REMARKS. PROJECT SOuTH FILL AREA U.S. MILITARY

WEST POINT. NEW YORK
BORING NO. WS-3 SAMPLE NO. jO

OEPTH/ELEV 48.0-50.2 TECH. JMS

LABORATORY USSE WES DATE 23 AUG 77

TRIAXIAL COMPRESSION TEST REPORT
aNG Oro NO. g *uu,,ous srow isOei O.sre TRA14OLUCENT (EN 1110-2-190)
UEv JUNO 010

PLATE D9

D11



3 C = 0.29 T/SF

4~ 0 UEG

TAN _ _b

2.0
t-.- T. -o O

01020.04.0 5.0 6.0
~NORMAL STRESS. T/SQ FT

W TE I I A4 46-.3 45.8 48.6

II DRY DENSITY. PCF 72.7 73.3 71.2
4:1SATURATION. "* 94.3 94.5 95.5

I 1.0 - - VOID RATIO 1.336 1.3181.385
cWATER CONTENT.*/

___ T__ __ DRY DENSITY. PCFmi w 1o: - .SSATURATION. /

ac, VOID RATIO

B ACK PRESS. . TSF

MIN PRIN. STRESS. TSF 0.5 1.5 3.0

MAX. 0EV. STRESS. TSF 0.55 0.55 0.64
TIME TO FAILURE. MIN. 30 20 30

LJ~I..LL.L. LLi- RATE OF STRAIN [NCR.%

AXIAL STRnIN. Is INITIAL DIAMETER. IN. 1.30 1.38 1.38

CONTROLLED-STRAIN TEST INITIAL HEIGHT. IN. 3.00 3.00 3.00

OESCRIPTION OF SPECIMENS. PLASTIC CLAY (CH). GRAY. I" SMELLS.

DECAYED WOOD

ILL 58 IPL 2G P 32 GS 2.72 UNDISTURED SPECIMEN 0 TEST

REMARKS. PROJECT SOUTH FILL AREA U.S. MILITARY

WEST POINT. NEW YORK

BORING NO. WS-3 SAMjPLE NO. Ii
DEPTH/ELEV 51.0-53.Z TECH. KOC

LABORATORY USAE WES DATE 23 AUG 77

_ __ _TRIRXIRL COMPRESSION TEST REPORT
IwO PONE IO. 2M PfiviOuS ItotOW isooDLEart TRAMILUCENT (uEh 1110-2-1906)

PLATE DIO

D12



3-o

C 0.21 T/SF t 2 3 4

*b 0 EGU
TANo 0

C/3

i2.0 - - -

I-

1.0
L.J

0 1.0 2.0 3.0 4.0 5.0 6.0
NORMAL STRESS. T/SQ FT

0.6 SPECIMEN NO. &1 Y2 X3 4

WATER CONTENT. %. 50.8 51.4- 53.9

DRY DENSITY. PCF 69.4 69.1 66.6

o z SATURATION. "/ 95.5 95.9 94.6

0.4 VOID RATIO 1.446 1.457 11550

* WATER CONTENT. X

- DRY DENSITY. FCF

u SATURATION. */_
e VOID RATIO0.2 -

O.2 - - - BACK PRESS.. TSF"

MIN PRIN. STRESS, TSF 0.5 1.S 3.0
0 MAX. DEV. STRESS. TSF 0.40 0.40 0.46

TIME TO FAILURE, MIN. 33 36 33 "
,L~i...LL , ,, ! = L RATE OF STRAIN INCR."_

O 5 1o Is 20
AXIAL STRAIN. V INITIAL DIAMETER. IN. 1.39 1.39 1.39 "

CONTROLLED-STRAIN TEST INITIAL HEIGHT. IN. 3.00 3.00 3.00

DESCRIPTION OF SPECIMENS. PLASTIC CLAY (CM). DARK GRAY. SMALL AMOUNT

OF DECAYED ORGANIC MATTER

LL 61 1PL 28 IPI 33 1 GS 2.72 JUNDISTURBED SPECIMEN 0 TEST
REMARKSi PROJECT SOUTH FILL AREA U.S. MILITARY

WEST POINT. NEW YORK
BORING NO. WS-3 SAMPLE NO. 12

DEPTH/E EV 54.0-56.1 TECH. RE

LABORATORY U$_E ES DATE 29 AUG 77
TRIRXIRL COMPRESSION TEST REPORT

£[NO POfM NO. 1 'vwous Emciom lgsOm.,sr TRANSUCENT (EM 1110-2-1906)
Ray juum eye PLATE D11

D13

I)L3.3

a% : , . ,,' .L,.



3.0 C: 0.22 /F

cA 0 _ _

TAN cb 0

2.0

II II II IJII II IIJ W1 II I I LI I Lt i Jl I l
0 1.0 2.0 3.0 4.0 5.0 6.0

NORMAL STRESS. T/S FT

0.6 SPECIMEN NO. &I Y2 IX3 4

_jWATER CONTENT. 53.0 51. I 51.3

I/ = DRY DENSITY. PCF 66.8 68.7 68.8
o/ SATURATION. V 93.7 95.7 95.2

0.4 VOID RATIO 1.633 1.463 1.460

*& WATER CONTENT.

-a ORY DENSITY. PCF

u SATURATION.

cr VOID RATIO
0.2 ui BACK PRESS.. TSF

MIN PRIN. STRESS. TSF 0.5 1.5 3.0

- MAX. 0EV. STRESS. TSF 0.42 0.50 0.50

TIME TO FAILURE. MIN. 16 18 16

"O = m ) i 5 ) 15 20 = RATE OF STRAIN INCR.'/0O 51 I 20
AXIAL STRAIN. Ve INITIAL DIAMETER. IN. 1.40 1.39 1.40

CONTROLLED-STRAIN TEST INITIAL HEIGHT. IN. 3.00 3.00 3.00

DESCRIPTION OF SPECIMENS. PLASTIC CLAY (CMJ. DARK GRAY

LL 60 jPL 2 IPI 32 IGS 2.71 [UNDISTURBED SPECIMEN1 0 TEST

REMARKS. PROJECT SOUTH FILL AREA U.S. MILITARY

WEST POINT. NEW YORK

__BORING NO. 1$-3 SAMPLE NO. 13

OEPTH/ELEV 57.0/59.15 TECH. JMS

LABORATORY USAE WES DATE 29 AUG 77

TRIAXIAL COMPRESSION TEST REPORT
ENdOEM NO. 2M 00mNytVus is I@DL.tE TRANSLUCENT (EM 1110-2-1906)

mE.' JU N Ew 1 7 *PLATE D12

D14

... . : ,. ,



3.0 C o. 43 T/SF

qb 0 E

LL TN c= 0

1.0

.0 2 0 3.0 4.0 -.- 6.0

NORMAL STRESS. T/SQ FT

l SPECIMEN NO. &I' !Y2 IX3 < 4
_WATER CONTENT, " 528 53.0 1.8 i.

DRY DENSITY. PCF 69.3 69,2 7 0.9 '70°6
3 z-SATURATION. -. 99-4 .99.3 10- 99.1

ww

LAL

.0 R.0

-AX DRY DENSITY. PCTF 6.7 69 0.9 0D87

TM SATURAT ION. M. 9 1 0 9 911

AX.L - VOID RATIO 1.40 1.447 1.40 1.49

CONTROLLEDSTRAIN TES INTAE COET. IN V 0*.013.0 30

- VER F RY S NITY CING

L L JPL IPISATURATIO N ITRE SPCIE 1__ 9 TES

o~ BA TECK PRESS.. TSF U
OIN PRIN. STRESS. TSF 0.5 1.5 3.0 0.

- ! -- RX. 0EV. STRESS. TSF 0.67 0.89 T .8 O R.T

owTIME TO FAILURE. MIN. 9 1 IT 1 9 I1

-Li i JL RATE OF STRAIN INCR./
010 15 20

.XIAL STRAIN. 7. INITIAL DIAMETER. IN. 1.40 1.40 1.40 1.40
CONTROLLED-STRAIN TEST INITIAL HEIGHT. IN. 3.00 3.00 3.00 3.00

DESCRIPTION OF SPECIMENS. PLASTIC CLAY 1CM). DARK GRAYS

q VERY FEW SILT PARTINGS

LL IPL P1 lOS 2.71I UNDISTURBED SPECIMEN 0 TEST
REMARKS. CHECK TE ST PROJECT SOUTH FILL U.S.

SM ILITARY RCADEMY

BORING NO. W$-3 SARMPLE NO. 13

DU'T/ELV57.8-59.6 T,ECH. PJR -
L~eORTOR usE .E DATE 19 JUL 78

____________________ TRIRXIAL COMPRESSION TEST REPORT

3MGa PeOEM NO. g IwmllvOul leCITIOW I$OLEY-3 "ThMUl- .Ur ...
l3V JUINE II?.(

PLATE D13

Dl 5

- , .



3.0o______
C 0.27 T/SF

TANc b 0

2.0-

I J. IIIJJW cu t, .1111 ±1L 4. if fi l i
0 1 .0 2.0 3.0 4.0 5.0 8.0

NORMA~L STRESS. T/SQ FT

0.6
SPECIMEN NO. l±l Y2 X3 4

- DRY DENSITY. PCF 73.6 72.9 73.9

SSATURATION. 7. 95.1 95.3 96.5

_ 0.4 - VOID RATIO 1,299 1.320 1.289

, WATER CONTENT. ".

___ T oRY OENSITY. Pc!
S _ TURATION."

o VOID RATIO
0O.2- -- _ -

"' BACK PRESS . TSF

MN PRIN. STRESS, TSF 0.5 1.5 3.0
M MAX. DEV. STRESS. TSF 0.48 0.52 0.60

TIME TO FAILURE. MIN. 34 34 36

LfI I. L..L L .L.LLJ. RATE OF STRAIN INCR. _ __

0 5 10 Is 20
AXIAL STRAIN. 7. INITIAL DIAMETER. IN. 1.40 1.38 1.39

CONTROLLED-STRAIN TEST INITIAL HEIGHT. IN. 1 3.00 3.00 3.00

DESCRIPTION OF SPECIMENS, PLASTIC CLAY fCH. DARK GRAY

LL 58 PL 27 P1 31 C S 2.71 JUNDISTURBED SPECIMEN 1 0 TEST

REMARK56 PROJECT SOUTH FILL AREA U.S. MILITARY

WEST POINT. NEW YORK

BORING NO. WS-3 SAMPLE NO. 14

OEPTH/ELEV 60.5-62.7 TECM. RE

LABORATORY USAE WdE$ DATE 29 AUG 77

TRIRXIRL COMPRESSION TEST REPORT
owv Jume 1070 ~-t9U U*WIU~* ... .

PLATE D14

D16

....................



30 C 0.57 T/SF - .

! 2 3 4I

S0 DEC__

z. 0

1 .0

n 

-,

~Lm Llilt± 11 1 lilt LJJA1fa0 1.0 2.0 3.0 4.0 5.0 6.0
NORMAL STRESS. T/SO FT

1.5 SPECIMEN NO. &I Y2 1 X3 @4,

WATER CONTENT. 7/ 48.7 48.9 46.3 50.4

- - DRY DENSITY. rCF 71.7 72.1 73.3 71.2

K SATURATION. V* 97.1 98.4 95.8 99.2

1.0 VOID RATIO 1.359 1.346 1.309 1.377

-o DRY DENSITY. PCF

.) SATURATION. "7_

o VOID RATIO
S0.5 wI BACK PRESS.. TSF

MIN PRIN. STRESS. TSF 0.5 1.5 3.0 0.0

MAX. DEV. STRESS. TSF 1.15 1.17 1.23 1.09

TIME TO FAILURE. MIN. 18 12 is 8

0 5LLL to, J. i 20J. RATE OF STRAIN INCR./, __,0 5 10 15 20.

AXIAL STRAIN. 7 INITIAL DIAMETER. IN. 1.40 1.40 1.40 1.40

CONTROLLED-STRRIN TEST INITIAL HEIGHT. IN. 3.00 3.00 3.00 3.00

DESCRIPTION OF SPECIMENS; PLASTIC CLAY ICH). DARK GRAYi

A FEW SILT PARTINGS

LL IPL IPt IDS 2.71 JUNDISTURBED SPECIMEN 1 0 TEST
REMARKSs CHECK TEST PROJECT SOUTH FILL U.S.

MILITARY ACADEMY

BORING NO. WS-3 SAMPLE NO. 14

DEPTH/ELEV 61.2-62.0 TECH. PJR

LABORATORY USRE WES DATE 19 JUL 78

TRIRXIAL COMPRESSION TEST REPORT
ENG prOm 2 NO. US PUVIOIS COTION ISOLITM TRANSLUCENT (am ilImJ-d-yUb)
SEv JUNE Is"

PLATE D15

D17

... . . .. . .



C = 0.16 T/SF
1 2 3 4

TN= 0 DEC

N L 
TTANS 

/ 
0

W.4
Ij

I-

U, STRENGTHS TOO LOW TO PL

0
NORMAL STRESS. T/SQ FT

0-6 -- SPECIMEN NO. Al Y2 X 3 4

.WATER CONTENT. Y, 51.1 51.4 51.4

I- - DRY DENSITY. PCF 67.8 67.8 66.8

TM SATURATION. Y . 92.5 92.9 90.

0.4 VOID RATIO 1.503 1.504 1.41

XATaNNWATER CONTENT. .

-N -N _LRTI DRY DENSITY. PCF

US SIrPRATION RE7. SME _ __TES

IMT c VOID RATIO
O 0.2 uj BACK PRESS.. l'SF

MIN PRIN. STRESS. TSF 0. 1.5 3.0

- il MAX. 0EV. STRESS. TSF 0.30 0.31 0.38

TIME TO FAILURE. MIN. 20 E20 20

0 gir T llL RATE OF STRAIN INCR./ 
20D_ 20

O 5 10 is 20
AXIAL STRAIN. / ~ INITIAL DIAMETER. IN. 1.38 1.18 1 .38

CONTROLLED-STRIN TEST INITIAL HEIGHT. IN. 3.00 3.00 R3.00

DESCRIPTION OF SPECIMENS. PLASTIC CLAY (CH). CRAY; SEAMS OF

SILTY CLAY THROUGHOUT

LL 58 JPL 27 JPI 31 05S 2.72 1UNDISTURBED SPECIMEN 10 TEST

REMARKS. PROJECT SOUTH FILL AREA U.S. MIL ITARY

LIMITS AND SPECIFIC GRAVITY WEST POINT. NEW YORK
ON MIXTURE OF MATERIALS. BORING NO. WS-3 SAMPLE NO. 15

OEPTH/ELEV 63.0-65.iB TECH. KOC

LABORATORY USAE WES DATE 29 AUG 77

______________________ TRIAXIRSL COMPRESSION TEST REPORT
ENO FORMl NO.

muv jumt 1970 2M Pftgv'OsaivoJ is9O oSSULSev TRMSLUUCENT (EM 1110-2-1906)

PLATE D16

D18

owp

-V . if



3.0 ___________

C 0.20 T/SF
1 2 3

* b 0 DEG -O

TAN qb 0
u)2.0 -

U,

uJ

-I~l iJ JiJ r~ h i, i |il l t fil opl f | ,,, i li l l

0 1. 2.0 3.0 4.0 5.0 6.0
NORMAL STRESS. T/SQ FT

0.6 SPECIMEN NO, I Y2 X3 4

" WATER CONTENT, X 47.2 46.9 47.4

I- - DRY DENSITY. PCF 72.5 72.2 71.9

o SqSTURFITION. T. 95.7 94.3 94.8

0.4 -- VOID RATIO 1.341 1.353 1.361

WATER CONTENT. "/ _ _ •

/( u l DRY DENSITY. PCF

SRTURATION. Y_

VOID RATIO

S0. K - BACK PRESS.. TSF

MIN PRIN. STRESS. TSF 0.5 1, 6 3.0

MAK. 0EV. STRESS. TSF 0.8 0.40 0.43

TIME TO FAILURE. MIN. 17 14 iS

A , L, J1i-L J J , | LL RATE OF STRAIN INCR.'
0 5 10 15 20

AXIAL STRAIN. '/ INITIAL DIAMETER. IN. 1.39 1.40 1.40

CONTROLLED-STRqIN TEST INITIAL HEIGHT. IN. 3. 300 3.00

DESCRIPTION OF SPECIMENS. PLASTIC CLAY (CHI. CRqY

LL 53 JPL 24 IPT 29 IGS 2.72 1UNDISTURBED SPECIMEN 1 0 TEST

REMqRKS, PROJECT SOUTH FILL AREA U.S, MILITARY

WEST POINT. NEW YORK
BORING NO. WS-3 SRAMPLE NO. 16

DEPTH/ELEV 66.0-68- j TECH jMS

LABORqTORY USAE WES DATE 29 AUG 77

_TRIRXIRL COMPRESSION TEST REPORT
1ar lOm NO. 2M 04l1vlOus 909r710 isO ee.I?9 TRANSLUCENT (EM 1110-2-1906)ilzv Jume

i 
1970 PLATE D17

D19

. . . . . . . . . . . . . . . .I ------ ...



3.0 __________

C C 0.50 T/SF 2 3

= 0 DEG K F
o TAN*- 0

u3 2.0

I-

w 1.0U_ - - -- -. -.w

S.0 2.0 3.0 . 5.0 6.0

NCRMAL STRESS. T/SO FT

1.5 SPECIEN NO. Al YZ X3 04

WATER CONTENT, 7, 50.0 49.6 47.1 50.2

- - DRY DENSITY. PCF 71.4 71.8 73.1 70.6

o zSATURATION. 98.6 9. 969 97.2

1.0 VOID RATIO 1.380 1.965 1.323 1.405

• WATER CONTENT.

- - DRY DENSITY. PCFI

SATURATION. "

VOID RATIO
~0.5 - _ _ _ _ _ __u l BAC PRESS... TSF

IIN PRIN. STRESS. TSF 0.5 1.5 3.0 0.0

- - MAX. DEV. STRESS. TSF 0.93 0.98 1.13 1.04

TIME TO FAILURE. MIN. 8 20 Is 8
.2.151 . l . L .u 111 1 ) RATE OF STRAIN INCR.' 8 10
0 0 i5 20. __

AXIAL STRAIN. "/o INITIAL DIAMETER. IN. 1.40 1.40 1.40 1.40

CONTROLLED-STRAIN TEST INITIAL HEIGHT, IN. 3.00 3.00 3.00 3.00

DESCRIPTION OF SPECIMENS; PLASTIC CLAY (CH). DARK GRAY;

A FEW SMALL SILT PRRTIN&S;

LL IPL JPIJIS 2.72 UNDISTURBED SPECIMEN I 0 TEST
REMARKS; MORE SILT IN PROJECT SOUTH FILL U.S.

SPECIMEN a 3 THAN IN OTHERS MILITARY ACADEMY

I SMALL SHELL NOT IN SPECIMENSo BORING NO. WS-3 SAMPLE NO. 16

CHECK TEST OEPTH/ELEV 66.4-67.2 TECH. FJR

LABORATORY USAE WES DATE 18 JUL 78

TRIAXIAL COMPRESSION TEST REPORT
E'No PoRM No. US RilouSl LOIVIONe IS@oUWloTElr TrALSICT (EM 1110. ' PO, gi)
.wv JUNE 31

PLATE D18

D20

Ak~ i* .........



3.0 C_ 0.35 TSF_ _ _ I _
1 2 3 4

T,,. = 0 DEG

2.0

uJ

U)

0 .0 2.0 3.0 .0 5.0 6.0
NORMAL STRESS, T/SO FT

1.5 SPECIMEN NO. &I Y2 X3 4
WATER CONTENT. X, 51.5 51.4 51.1I-I

-', DRY DENSITY. PCF 69.6 68.5 68.9
o SATURATION. '/ 96.8 94.0 94.4

1.0 VOID RATIO 1.455 1.498 1.482

u; WATER CONTENT. .

-n - __ DRY DENSITY. PCF
U)

SATURATION. 7,.

o VOID RATIO0.s
B BACK PRESS.. TS3

,M MIN PRIN. STRESS. TSF 0.5 1.5 3.0

-MAX. 0EV. STRESS. TSF 0.66 0.71 0.75

TIME TO FAILURE. MIN. 15 16 Is

0. 5 . i 20L, L , L. L RATE OF STRAIN INCR._ _O 5 i0 15 20

AXIAL STRAIN, - INITIAL DIAMETER. IN. 1.40 1.40 1.40

CONTROLLED-STRAIN TEST INITIAL HEIGHT, IN. 3.00 3.00 3.00

DESCRIPTION OF SPECIMENS, PLASTIC CLAY ICH). ORK GRAY

LL 58 IPL 29 IPi 29 IGS 2.74 JUNDISTURBEO SPECIMEN 1 0 TEST
REM.QRKS. PROJECT SOUTH FILL AREA U.S. MILITARY

WEST POINT. NEW YORK

BORING NO. WS-3 SAMPLE NO. 17

DEPTH/ELEV 69.0-71.3 TECH. JMS
LABORATORY USAE WES DATE 29 AUG 77

I TRIRXIRL COMPRESSION TEST REPORT

lva ,ofm oNc. 20M9 Pavious EDITION IsooMLIT, TRANSLUCENT (EM 1110.-2-1906)MV JUNE 1970R

PLATE D19

D21

• ,, . ~ ~.



3.0 C 0.50 T/sr
1 2 3 4

T = 0 DEG

U. TAN *: 2.0

w
I-

W 1.0 - - - - __ ____

L

Lf 1 Jill JL L JJ1 |ll± Jll± J1i1

0 1.0 2.0 3.0 4.0 S.0 6.0
NORMAL STRESS. T/SO FT

1.5 SPECIMEN NO. &I Y2 X3 t14
WATER CONTENT, ' 50.4 S1.0 51.1 S0.6

DRY DENSITY. PCF 70.9 70.5 70.5 70.8

SATURATION. . 97.7 97.9 98.1 98.0

z1.0 - - VOID RATIO 1.414 1.428 1.428 1.41S

WATER CONTENT. . __ __

-- DRY DENSITY. PCF !

SATURATION.
So VOID RRT'IO

,L" BACK PRESS.. TSF

MIN PRIN. STRESS. TSF 0.5 1.5 3.0 0.0

MAX. DEV. STRESS. TSF 0.98 0.95 1.03 1.00

TIME TO FAILURE. MIN. 9 9 8 7
'' L'J. '.''1 ] *LJJ.. RATE OF STRAIN INCR.4

o 5 10 i5 20
AXIAL STRAIN. 7o INITIAL OIAMETER. IN. 1.40 1.40 1.40 1.40

CONTROLLED-STRAIN TEST INITIAL HEIGHT. IN. 3.00 3.00 3.00 3.00

DESCRIPTION OF SPECIMENSi PLASTIC CLAY ICH). DARK GRAYS

A FEW SILT PARTINGS

LL JPL IPt IGS 2.74 UNDISTURBED SPECIMEN _ 0 TEST
REMARKS# CHECK TEST PROJECT SOUTH FILL U.S.

MILITARY ACADEMY
BORING NO. WS-3 SAMPLE NO. 17

DEPTH/ELEV 69,0-70.6 TECH. PJR

LABORATORY USRE WE$ DATE 20 JUL 78

TRIRXIRL COMPRESSION TEST REPORT
NG FORM NO. 2 Pmavious am?,na isoU=L7e3 TRMSlAICT (EN 1110-2-1906)

9uv JuNg J9"

PLATE D20

D22

----------------------x*,.



C = C 0.60 T/SF

*~ 0 0EG

cp TAN c 0 U J

U)

cc 1.0 - - -- - - - - - -

01.0 2.0 3.0 4.0 S.0 6.0
NORMAL STRESS. T/SO FT

1.5 SPECIMEN NO. &I Y2 IX3 4

WATER CONTENT. /. 38.5 37.9 38.7

- - DRY DENSITY. PCF 80.7 81.0 80.5

/A SATURATION. 14 94.7 94.1 g4.9

S1.0 -- -VOID RATIO 1.105 1.096.1.110

w- WATER CONTENT, 1/0 1__ __

V/ u' DRY DENSITY. PCF

0) ~SATURATION. ___

c VOID RATIO

0. BACK PRESS. F
MiIN PRIN. STRESS, TSF 0.5 1.5 3.0

-MAX. DEV. STRESS. TSF 1.12 1.23 1.27

TIME TO FAILURE. MIN. 27 30 30
fiL llL Jl ±l L RATE OF STRAIN INCR,%

0 5 t0 15 20
AXIAL STRAIN. */ INITIAL DIAMETER. IN. 1.38 1.38 1 .38

CONTROLLED-STRAIN TEST -TINITIAL HEIGHIT. IN. -3.00 3.00 3.00

DESCRIPTION OF SPECIMENS. PLASTIC CLAY (CHi). GRAY; SMELLS THROUGHOUT&

IRON OXIDE STAINS

LL 55 1PL 24 IP1 31 05S 2.72 [UNDISTURBED SPECIMEN 0 TEST
REMARKSa PROJECT SOUTH FILL AREA U.S. MILITARY

WEST POINT. NEW YORK(

TRIRL COMPRESSION TEST REPORT
606 lo 010E 2W Poviu aciro is 069OLET ThANU.UCINT IfM 110-2-1906)

PLATE B21

D23



i 3.03.0 C 0.60 T/SF - I

qb= 0 DEG

L- TAN c =0

h 2.0

1.0-
Lu

0 1.0 2.0 3.0 4.0 5.0 6.0
NORMAL STRESS. T/SQ FT

1.5 - SPECIMEN NO. A& Y2 X3 4

W WATER CONTENT. 7, 39.4 39.8 39.4

_._. - DRY DENSITY. PCF 82.0 81.5 81.9
- z SATURATION. t tDO+ 100+ 1004

1.0 VOID RATIO 1.062 1.076 1.065

C0 WATER CONTENT. 7',

-,- z DRY DENSITY. PCF

C') ,,., SATURATION. "_

,vVOID RATIO00.5 I-
B BACK PRESS. TSF

MIN PRIN. STRESS. TSF 0.5 1., 3.0

- - - MAX. DEV. STRESS. TSF 1.14 1.21 1.25

TIME TO FAILURE. MIN- 20 24 20
O ill I 5 0 RATE OF STRAIN INCR./0 5 0o 15 20

AXIAL STRAIN. / INITIAL DIAMETER. IN. 1.38 1.38 1.38
CONTROLLED-STRAIN TEST INITIAL HEIGHT. IN. 3.00 3.00 3.00

DESCRIPTION OF SPECIMENS. PLASTIC CLAY (C),. GRAY

LL 55 JPL 26 PI Z9 GS 2.71 UNDISTURBED SPECIMEN 1 0 TEST
REMARKS. PROJECT SOUTH FILL AREA U.S. MILITARY

WEST, POINT. NEW YORK(
BORING NO, ,,5-3 SAMPLE NO- 19
OEP"ELEV 75 o0-76-5 TECH- ,Koc

:. LABORATORY U~SAE WE$5 DATE 29 P UG 7"/

TRIAXIAL1 COMPRESSION TEST REPORT

RNO ORM NO. 2 pos , SOgN e so .a TRINSUCENT (EX 1110-2-1906)
ftv JUINO 1070

PLATE D22

D24

. *, /-



3.0 -

C = o.46 T/SF

=o 0 DEC

,7 TAN cb 0

U) .2. _- _- _

.o
lI-

En

I.J

1-(j

0 1.0 2.0 3.0 4.0 5.0 6.0
NORMAL STRESS. T/SO FT

1.5 SPECIMEN NO. AI Y2 X3 ' 4

WATER CONTENT. . 36.9 38.6 38.1 37.8
a:

- DRY DENSITY. PCF 78.6 79.1 79.4 78.9

o Zl SATURATION. / 86.8 91.9 91.4 89.3

1.0 iVOID RATIO 1.152 1.139 1.130 1.145

crWATER CONTENT. .
- - DRY DENSITY. PCF

I- ,,.,, SATURATION. ". _

w - o VOID RATIO
0. 5 BACK PRESS., TSF

MIN PRIN. STRESS. TSF 0.5 1.S 3.0 O.S

- MAX. 0EV. STRESS. TSF 0.79 1.10 1.02 0.78

TIME TO FAILURE. MIN. 35 39 37 34

0 , ', 1 5 1 1 1 1 20 RATE OF STRAIN INCR.'/

AXIAL STRAIN. 1 INITIAL DIAMETER. IN. 1.38 1.39 1.39 1.40

CONTROLLED-STRAIN TEST INITIAL HEIGHT. IN. 3.00 3.00 3.00 3.00

DESCRIPTION OF SPECIMENS. PLASTIC CLAY (CH). DARK GRAY

LL 55 JPL 27 1PI 26 IDS 2.7t UNDISTURBED SPECIMEN 1 0 TEST
REMARKS, PROJECT SOUTH FILL AREA U.S. MILITARY

WEST POINT. NEW YORK

BORING NO. WS-3 SAMPLE NO. 20

DEPT/ELV 7B0-9.2 TCH.RE

LAORATORY __ _E WES DATE 29 AUG 77
TRIRXIRL COMPRESSION TEST REPORT

ape poIoOmO. Poevio ma vrnos isSowLre TRANSLUCENT (EX 1110-2-1906)

PLATE D23

D25

.... ...... .



3.0 C = T/SF
1 2 3

DEG

TAN *b

2.02. 30i40 i06.

1.0 -SPE_ - - N -O. - -2 X3

u;s

0 ,.0 .0 D 3. 4E.0YPC 5288.0 6.0

I.O L VNOIA rRATIO 1.075,02 FT~

W ATER CONTENT. 52 356 3.
I. ___ - - IORY DeNSItY. PCF 8. 35 8.

-il -kl L u lRiENIY.lt _

SATURATION. .___
o~s ; , 1VOID RATIO

- 0.5l 11 PRESS.. TSF

MIN PRIN. STRESS. TSF 0.5 .5 3.0

--- AX. EV. STRESS. TSF 1.02 1.06 1.09
TIME TO FRILURE. MIN. 5 2 2 29

, -I- I-I. ,LA*.L .L,, RATE OF STRAIN INCR.V. I__
0 5 10 15 20 1-11

AXIAL STRAIN. 7 ,NITIAL DIAETER. IN.I ,.39 1.39 1.39
CONTROLLED-STRAIN TEST INITIAL ,EIGHT. IN. 3,.00 3.00 13.00

DESCRIPTION OF SPECIMENS. LEAN CLAY ,CL,, DARK GRAY

LL 49 PL 24 IP1 25 05s 2.71 lUNDISTURBED SPECIMEN 0 TESt
REMARKS. PROJECT SOUTH FILL AREA U.S. MILITARY

WEST POINT. NEW YORKBORING NO. US-3 SAMPLE NO. 21

_______________________OEPTH/ELEV 81 .0-82.4 TECH. RE
LATORATORY USAE NES DATE 30 AUG 77

iK TRIRXIRL COMPRESSION TEST REPORT

tN JUN. PREVItIS EDITON ISoO ~I IN.EUC ST (EM 1110,-2-190)

PLATE D24

D26

AXIA STAN %. INIIA DIMTR I11.9 139 13



3.0
C = 0.87 T/SF

*0 0 D EG,

I- TAN = 0

2.0

I.0 2.0 3.0 4.0 .0 6.0

NORMAL STRESS. T/SQ FT

3.0 SPECIMEN NO. &! Y2 X3 4

WATER CONTENT. . 28.5 3i.i 26.3

- -DRY DENSITY. PCF 93.3 89.i 93.6

z SATURATION. 1 94.5 93.3 87.8
2.0 - - VOID RATIO 0.821 0.906 0.015

cr WATER CONTENT. 7.
0 IDRY DENSITY. PCF

c " SATURATION.

VOID RATIO
S1.0 - I. -_

cuI BACK PRESS.. TSF

MIN PRLN. STRESS, TSF 0.5 1.5 3.0
0 - - - MAX. DEV. STRESS. TSF 1.82 1.35 2.02

TIME TO FAILURE. MIN. 30 30 30

It L . L ±..L.LL RATE OF STRAIN INCR,',_
0 5 iO 15 20

AXIAL STRAIN. * INITIAL DIAMETER. IN. 1.38 1.38 1.38

CONTROLLED-STRAIN TEST INITIAL HEIGHT. IN. 3.00 3.00 3.00

DESCRIPTION OF SPECIMENS& LEAN CLAY (CL). CRAY

LL 44 PL 24 P2 s 2.72 lUNOISTURBED SPECIMEN 1 0 TEST
REMARKSf PROJECT SOUTH FILL AREA U.S. MILITARY

WEST POINT. NEW YORK

BORING NO. WS-3 SAMPLE NO. 22

DEPTH/ELEV 84.0-85.6 TECH. KOC

LABORATORY USRE WES DATE 30 AUG 77

TR!RXIRL COMPRESSION TEST REPORT

gv JUOIC . Palvious cofw IsOewLeym TOWU.UCENT (EAN 1110-2-19o6)

PLATE 025

D27
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3.0 C

0

U.1

I-

ce 1.0

uj

NORMAL STRESS. T/SQ FT

SPECIMEN NO3 &I Y2 X3 4

_WATER CONTENT. . 40.0 38.3 38.4

SDRY DENSITY. PCF 79.4 79.5 80.6

C9 z SATURATION. V. 94.9 91.2 93.5

..1.0 VOID RATIO .155 1.150' 0

WATER CONTENT. 4 . .

- _ DRY DENSITY. PCF

SATURATION.

wo VOID RATIO
0.5 BACK PRESS - TSF

fj MIN PRIN. STRESS. TSF 0.5 1.6 3.0
MAX. DEV. STRESS, TSF 0.67 0.58 0.68

TIME TO FRILURE. MIN. 15 I8 15

.. LL.1.l-l~-~ = - - RATE OF STRqIN INCR. _i
0 5 10 15 20

AXIAL STRAIN. / INITIAL DIAMETER. IN. 1.40 1.41 1.41

CONTROLLED-STRAIN TEST INITIAL HEIGHT. IN. 3.00 3.00 3.00

DESCRIPTION OF SPECIMENS. LEAN CLAY (CL). GRAY. NUMEROUS

POCKETS AND LENSES SANDY SILT

LL 49 PL 26 JP1 23 1GS 2.74 JUNDISTURBED SPECIMEN 0 0 TEST
REMARKS. PROJECT SOUTH FILL AREA U.S. MILITARY

WEST POINT. NEW YORK

BORING NO. WS-3 SAMPLE NO. 23

DEPTH/ELEV 87.0-89.3 TECH. JMS

LABORATORY USAE WES DATE 30 AUG 71

TRIRXIAL COMPRESSION TEST REPORT

I JUN O 4970 pmaV U L O isom i T UCE T (E 1110-2-1906)

PLATE D26

D2P



3.0 C 0.17 T/SF I 1 I- 
-1 2 3 4

~=3.5 DEG

TAN , =0.0612

V 2.0 _

1.0

01.0 2.0 3.0 4.0 5.0 6.0

NORMAL STRESS. T/SQ FT

. SPECIMEN NO. &I Y2 X3 4

WATER CONTENT, " 39.4 39.0 39.2
I_ _ - DRY DENSITY. PCF 79.2 79.5 79.6

o SATURATION, " 94.0 93.7 94.4
U)

1.0 VOID RATIO 1.136 1.126 1.125

,.WATER CONTENT. ".

- DRY DENSITY. PCF
SATURATION, -

/ j VOID RATIO

•.u- 0I SACK PRESS.. TSF

MIN PRIN. STRESS, TSF 0.5 1.5 3.0"-_ _ _ _ _ _•

S- MAX. DEV. STRESS. TSF 0.38 1 0.51 .079

TIME TO FAILURE. MIN. 30 30 30

0 .10 1 5 2 0 RATE OF STRAIN INCR.".

AXIAL STRAIN. . INITIAL DIAMETER. IN. 1.38 1.38 1.38

CONTROLLED-STRAIN TEST INITIAL HEIGHT. IN. 3.00 3.00a 3.00

DESCRIPTION OF SPECIMENSb LEAN CLAY (CL). GRAY

LL 49 IPL 26 IPI 23 IOS 2.71 JUNDISTURBED SPECIMEN] 0 TEST
REMARKS= RO.;ECT SOUTH FILL AREA U.S. MILITARY

WEST POINT. NEW YORK

BORING NO. WS-3 [SAMPLE NO. 24
DEPTH/ELEV 90.5-91.8 TIECH. KOC

LABORATORY USRE WES DATE 30 AUG 77

TRIRXIRL COMPRESSION TEST REPORT
was room NO. 2W Ponvious am.,on isoLSY ThrAlNUCINT (EN 1110-2-1906)

PLATE D27

D29
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S. . . .



2 - .1 1 J II A

1% 1 X

0 A 1.2 1 If 4 1 6

NORMAL STRESS. 0. 1/S0 FT

3 PEIMN O.1 2 3
I tWATER CONTENT.% .1-54,0 55.2 55.0 -

~j DRY DENSITY
-9LIS/CUP FT 67.6 66.4 66.a

ijSATURATION, S . 98. 97L.1 96.0 _

2VOID RATIO e.1.48 1±.53.54 ~

DR DENSITY I5~ 1.WATER CONTENT, we " 46.5 4.7~ 4o.8
x GCUPFT

III SATURATION, S C1 1004- 95, 9Z.
I = . VOID RATIO -. 11.22_________________

S1- 8 MIAL ElACK *57 .657
PRESSURE. T/SO PT u.57 576 .6

>----MINDR PRINCIPAL2.
-- 1.0_ 2.0_ 3.0___o ~~~~~STRESS, T/SOPFT _ ___ _____

MAXIMUM DEVIATOR IQ, -a. .36
STRESS. TIOP T .18 1.72.
TIME TO 10,~ -' I MIN 1 1 76 ___

0 IS ~ULTIMATE DEVIATORII 1

AXIAL STRAIN. CINITIAL DIAMETER. IN. OF 1.40 1.40 1.40
CONTROLLED- strain TEST IINITIAL HEIGHT. IN. H*3.00, 3.00, 3.001
DESCRIPTION OP' SPECIMENS PLASTIC CLAY(CH), GRAY

LL -P - PF- * . TYPE OP SPECIMEN 
TNDISW REMD TYPE OP TEST R

REMARKS: See attached sheet for PROJEICT SOUTH FILL AREA

?ffective values. *Pore Dressure U.S. MILITARY ACADEMY
response indicated 100% saturation, OwING No. WS-3 7A'EN

OEPTH/9LEV 39.0-41.3
LAGORATomY USAEWS JDATE 17SEP77

ER P MMN PIEVIGIJI ECITIOR It @UInAETS TRAIUUCINT (Em 1110-2-19w6)

PLATE 028

D30



Based on Max. -a'/0

3 2- - -C= 011IS
- --- - -

35 09

-
TAN .7

0
0 1 2 3 4 5 6

Ef fect ive NORMAL STRESS. a. 1/S0 FrT

SPECIMEN No.

WATER CONTENT, W,

DRY DENSITY
A U'CU FT

SSATURATION. % S

VOID RATIO%

ca ItWATER CONTENT, % w

ADRY DENSITY a

Id SATURATION. It Sc ___

- -- 4 VOID RATIO Sc
OFiNAL S8ACK

L_ I~PRESSURE. 1/50 FT U

MINOR PRINCIPAL
a) r------ STRESS. T/50 FT

C.) ~~MAXIMUM DEVIATO O-OI

STRESS. T 50 FTO l
90 IS ULIM TO (01 PAIl IN Jt

AXIAL STRAIN. s. % INITIAL DIAMETER. IN. ID'
CONTROLLED- TEST JINITIAL HIEIGHT. IN. IN.

DESCRIPTION OF SPECIMENS

LL PLTYPE or SPEC IMENDISTTJR ED TYPE OF TEST

REMARKS: PROJECT SOUTH FILL, AREA
U.S. MILITARY ACADEMY

OIN o. WS-3 SAMP01LE MD. 7

,OEPTH/ELEv 39.o-41.3

Li2SOWATOYUSAES _ IDATE 17SEP7

F_ ims TRIAXIAL COmPRESSION TEST REPOT
IM41 FORM OaMO P11"u oTO IsSRM..TE RNLCET116210M

.EV JUNE it0" PEIUSEY0 RNUUET(MIIO2L'O

PLATE D29

D31



3

II-

2 -

0
0 12 3 456

NORMAL STRESS, 9. T/SQ FT

3SPECIMEN NO. 1 2 3

WATER CONTENT. ~ 4* 9.3 51.1 47.8 _

CRY DENSITY 7206.87.
I- ~ ~ ~ ~ ~ ~ ~ K LUCU FT *7 687a __

L 4 5T SATURATION. % 5 ~ 9719. __

S 2 VOID RATIO ..... 1.36 1.4~3 1.33__
WATER .CONTENT.X w 45.1 t2.9 3.

X S LB/CU FT 'd 76.9 79.1 8
UK w ATRAIOWjS 100+ 100+ 100+

VOI RAI c 1.21 .1.15 1.03 __

INAL SACKC
PRESSURE. T/SO PT u-5.76 5,.76 5.76

> MINOR PRINCIPAL a
-- -- - STRESS. T/SO PT 1. .0 3.0

----- AXIMUM DEVIATOR m - 1022
TIME TO U

1
.II.MIN 728 49 7 3 74,1

0 is J
AXIAL STRAlh. s,% IINITIAL DIAMETER. IN. [o* 1.4 4 40

CONTROLLED- strain TIEST IN-ITIAL NEIGNT. IN. IN .0300 30

DESCRIPTION DP SPECIMENS PLASTIC CLAY(CH), GRAY: 1" SHELLS, DECAYED WOOD

LL - JPL - IF- - 1--2.7 Tl- OP SPEcIE UNDISTUJRBEDI TYPE OP TEST R

REMARKS: See attached sheet for PROJECT SOUTH FILL AREA
effective values. U.S. MILITARY ACADEMY

sORING ND. WS-3 1SAMPLE NO0. 11

DEPTN/ELEV 51.0-53.2

LABORATORY 
DATE 17SEP7

JMS TIAXIAI. COMPRESSION TEST REPORT
ENO PORN NOO. 28 ovostriNi noae TMLCA E 10216
REV JUNE 5 170 ~P~IU OTOIIGWEE T*UUIT (M11--96
PLATE D30
(SHEET 1 OF 2)

D32



Based on Max. a "

3 1 f l

c. 022/Ffi l I I I I
] i -I

fil
-0 8 aeI11

111

f i l

Effective NORMAL STRESS.. a'7/SO FT

SPCIMEN NO.

WATER CONTENT. A.

j DY DENSITY
49 LIS/CU FT

I~ ~ ~ I ATURATION %

VOIDO RATIO%

WATERt CONTENT.~

5 4 DRY DENITY V

E SATURATION.a SC
- 0

L VOID RATIO

RmSSuRE. T/SO FT
NMINOR PRINCIPAL a

a 'STRESS. T/Sa FT

TINE TO I@I .MON I

0 ~ ULTIMATEDEVITOR V.1

AXIAL STRAIN, o. % INITIAL DIAMETER. IN. 0~

CONTROLLED- TEST INITIAL HEIGI4T. IN. jH
DESCRIPTION oF SPECIMENS

LL JPL 1P1 IS TYPE OF SPECIMEN ITYPE OF TEST

REMARKS: PROJECT SOUTH FILL AREA

________________________U.S. MILTTARY A(0AnFW4
SOIGN.WS_3 1SAMPNLE NO. 1

DEPN/EEV 51.0-53.2

LASIORATORY; USAEWS DATE 7 p7
Sheet 2 of 2. im TRIAXIAL COMPRESSION TEST REPORT

ENo FORM NO. NN PREVIOUS EDITION IS OUSILETE ThANSLICEN1T (EM 1110-2-190)
RElV JUNE 1970 PLATE D30

(SHEET 2 OF 2)

D33



3

0.9 /.

11 , 13 a g

0 ... 2.3
tilMl STRESS I, IS it

ITAOTN. I~ I149.9 14. -1 L .A
-1- _IIf _______

SILLL __________ '~ ~ 8.

SPNRMAESURE. 0T/SQ T _

SPAIMEVITO No,5 2 3 24
T E R O NTN. M 51.78 71.3 509

0 I IS U ULTIMATE DESITORI

IA SRiN. %5IIILDAEE.I. O 1.142 1.141 1.4o,

COTOLD StaA ET NTAEGTIN. SC 3100 3.00 3.00

LL-C a - a .1 PEOSPECE N UN FT ITld, TYPE OP7 TEST 6

61 MOR PINCIA N2 3SAPEN.0 140

aAORAE.TON P AWE 1.AT01SE7
MXM ZITRIIL o assoTETEP T

ENG PORM NO. (E

ULLATET DEIAO3I,-.
(SHEET $TAN OF 2)TA IMTR h- D .0..1 14

COT~OLLKO stran TES INITALD310 , 0

4o .00 130 .3



30 Du 2-3,---

TAN 0.5SP1CIM 1N1 NO.

IL-

* ~ RY DNIIT

0U

SPECIMEN-w-

USATURATION.,

5.VOID RATIO 0

w S T RA.TON PT

aMAXIUM EVIAR IO-1 O

a ~STRESS. TISoPT

0 ULTIMATE DEVIATORI. SI

AXIAL STRAIN. %5 INITIAL DIAMETR, IN.

CONTROLLED- TEST INITIAL HEIGHT, IN. . I

DESCRIPTION or SPECIMENS

LL. IPL 1P. Fo TYPE oP SPECIMEN TYPE Or TEST

REMARKS. PROJECT SOUTH FILL AME
________________________U.S. MILITARY ACADEM

oNsOe WS- ASAMPLE NO. 1)4
DROTHCLKV 60.5-62.7

LAMONATORY USAEWS DATE 17SEP77
0:3S TRIAXIAL COMPESSIO TEST REPOT

ENG C" NOR -NO. ROSEDTO 1101SUT TASU
REV, JUNE 0070 PRVOSEIINI@.SE TAUUEI (N102-9)

PLATE 031
(SHEET 2 OF 2)

D35



3

c 2.0 TS taIII

IIf

3

II

NO RMATESS. %. s.S 9699T3 9.

SPkEC VID RATO e . 2.4 1.1 1 4
WATER CONTENT. w. 51.1 4450. 4o-7

U.CU T d700 70.9 13
; SATURATION. . 6. 973 78

VOID RATIO e.. 1.15 1.1 1.o4 ___

AT PESRCE. W PY* u4147 5.76 45.7

STURTIN FTS 1001- 1004- 1004-

AXIVOIDRAIN NTA IMT.I N. 1.3o 1.416 1.09
CONTRLLED stanTET INAL -. ACK.IN 3 5.7 5.76 5.761

DECITO PRSSRE SPECMEN PTATI CIYC AKGA

LLC, PRNIA *.L 1.0 2..0 3.0Ds cmItDSUR T
meom ST tahd he o RESS.TS SOTPTL AE

_ _ _ _ _1N No. 0- _ 1

hAMM EATOR USAWE I DAE 2SP
STS T'SOFT A COPESINTSTRPR

0LT D3S2ULIAE EITO ,

(SEE 1 OF 2) 1 - * .4 YEOF~TP PTS

REARS:Se atahe see fr ROEC STHDIL36E



Based on Max. o~iluj

TA 0.5 1.0 1. 2. 2. 3.0I

II-

0. I IR EST

LLaf L UC T___ __

0 a

SATURATIONT. % %
a_ _ __ _ _ CR DENSITY_

- - -- - VOID RATIO%

O STRSS. /SOP FT

M AUREATOR I O s ~

o0 ULTI AT EIOR I- uII

0XA STAN .. 7.INITAL DIAEER I

> INR RINCIO.PALSAPE O. 1

Shee 2 STRSS 2.S FTRAILCaPEIOTSTROT

ST(SHEE 2S OF 2)

COTOLD TET--TA aoT "



COEFFICIENT OF PERIIERBILTY. K2 0 10-4 CM/5$_C

0.1 0.2 0.3 0.5 i 3 5 10 I'D2S

2.00

.- 5

105

0.1 0.2 0..3 0.5 i 3 5 i0 20 25
PRESS.URE. Tsf

BEFORE TEST AFTER TEST

OVERBURDEN PRESSUJRE. TSF WATER CONTENT. 1/ 99-1 7.

PRECONSOL. PRESSUJRE. TSF DRY DENSITY. PCF 47.7 55.1

COMPRESSION INDEX SATJRATION. % 99.3 £00

TYPE PECIIEN UNDISTURBED VOID RATIO 2-i94 1-621

CIA. IN 4.44 MIT. IN 1.224 BACK PRESSURE. TSF

CLASSIFICATION ORGANIC SILT(OMJ. CRAY 4 BROWN MOTTL.ED

LL IPL I' PROJECT SOUTHI FILL AREA

GS 2.44 (0 1010 U.S. MILITARY ACADEMY

REMARIKS BORING NO. W5-3 SAMPLE NO. 4

CONSOLIORTION TEST REPORT

PLATE D33
(SHEET 1 OF 10)

D38
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INVESTI6ATION FOR SOUTH FILL AREA . UNITED STATES MILITARY ACAOE--ETC(U)
AUG 80 H M TAYLOR. J K POPLIN. G B MITCHELL lAO NYD-78-7G (M)
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IIEEEEEEEIIII /
mlllmllllhhhmhl



ILi2 Q81o2

1_81.252

IPY IOTS CA

-IRCP RSLUEO TET_ HR



CI)

cr

0D N r

-l z

.30

_____ _ __ ____ (*Z

r CL

C4 3L -i

0 I s
C, ~ ~ ~ ~ ~ ~ ~ ~ ~ c w______ _______________ - 4

0~c cc ~
c,,

- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ c or.LLLI L AL .~L.LL ALAL.. L..L..J
4-

L 30 CD L U

C3 u

sI4)NI P-.O 1 NIoN1ob~ W10Iw 1L

PLATE 033
(SHEET 6 OF 10)

D143



II-

oD 0

I-

C)

.o 0

o z o Z

Lj w

0 0 r
N N -J

or 0 0

I.JIN

A- I -4-II

0 C)___ 0 0__ 0

w .

..... ....



M 0
oD M

I-

Elii

M CD

Q C)

U' u

-C3

CIJJ

IrW
-~~C a! __ _ _ _ _~ U' W

oIr ____

00 ~~~ 0 D0c

-W w
IL

.CL C, C

PLT 3
(SEE 8 O.- 0

.1' 0 SD 5



0 0
0 0
O 0o 0

0 0

0 0

0 0 L--

-C )
0 03

0

0 0

0 TI. _ _ __ _ _ _ _ _ _ f
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COEFFICIENT OF PERMEABILITY. KZO 1O-4  Cu/SEC

0-1 0.2 0.3 0.5 i 2 3 5 l0 ZO 25

I .50

I .25

1.00

0-1 0.2 0.3 0, 2 i i0 20 25
PRESSURE. TSF

BEFORE TEST AFTER TEST

OVERBURDEN PRESSURE. TSF WATER CONTENT. . 49.,4 .37.9

PRECONSOL. PRESSURE. TSF DRY DENSITY. PCF 70.9 87.4

COMIPRESSION INDEX SATURATION. 96.4 100 +

TYPE SPECIMIEN UNIDISTURBED VOID RATIO 1.395 0.944

CIA. IN 4.44 IT. IN 1,251 BACK PRESSURE. TSF I

CLASSIFICATION PLASTIC CLAY (CH),. CROY. i* 54ELLS; DECAYED WOOD

LL PL pt PROJECT SOUTH FILL AREA

GS 2.72 (0 IDI U-S MILITARY ACADEMIY

CONSOLIORTION TEST REPORT

PLATE 034
(SHEET I OF 11)

D4.8
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COEFFICIENT OF PERMEABILITY. K20 10-4 CM/SEC

0.1 0.21 0.3 0.5 1 2 3 5 t0 20 25

1 .50

I H

i-.00

0.1 0.2 0.3 0.5 i 2 3 5 10 20 25
PRESSURE. TSF

BEFORE TEST AFTER TEST

OVERBURDEN PRESSURE. TSF WATER CONTENT. Zf 55.0 37.7

PRECONSOL. PRESSURE. 1SF DRY DENSITY. PCF 67.7 66.63

COMPRESSION INDEX SATURATION. 99.5 100 *

TYPE SPECIMEN UNDISTURBED VOID RATIO 1.496 0.905

OIA. IN 4.44 "IT. INi 1.2369 BACK( PRESSURE. TSP

CLASSIFICATION PLASTIC CLAY (C"). GRAY

LL I PL jPI PROJECT SOUTH FILL AREA

OS 2.71 (01 1010 U.S. MILITARY ACADEMY
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COEFFICIENT OF PERMEABILITY. 1(20 jo-4 CM/SEC
0i 0.21 0.3 0.5 1 2 3 5 to 20 25

0.0

00

0.9

0.70

04i 0.21 0-.3 0.5 1 2 3 5 i0 20 25

PRESSURE. TSF

BEFORE TEST AFTER TEST

OVERBURDEN PRESSURE. TSF WATER CONTENT. 36.7 29-4

PRECONSOL. PRESSURE. TSF DRY DENSITY. PCF 84.1 94.3

COMPRESSION INDEX SATURATION. 98.4 100

TYPE SPECIMEN 7UNDISTURBED VOID RATIO (.OIL. 0.793

DIA. IN 4.44 MIT. IN [.241 BOACK PRESSURE. TSF

CLASSIFICATION LEAN CLAY (CL). DARK GRAY

LL PL TP1 PROJECT SOUTH FILL AREA

GS 2.71 (0) DI U.S. 141.ITARY ACADEMY
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APPENDIX E: SEPTEMBER 1979 HYDROGRAPHIC SURVEYS

AND ECHO SOUNDINGS, SOUTH DOCK,

U. S. MILITARY ACADEMY, WEST POINT, NEW YORK
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APPENDIX F: REVIEW COMMENTS BY CONSULTANTS

(Note: A draft report was provided to the
consultants for review comments, concurrently
with other in-house reviews. The other re-
views resulted in the addition or deletion
of certain paragraphs; consequently, the item
identification, such as page and paragraph
numbers and the appendixes, referred to in
the consultants' comments may be different
from the printed report.)
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HOSESHOE ROAD RGINALD A. BAEUON Tel. M0.4S45Si
GUILFORD. CONN. f*t? Coasmithl E&Aeer

17 August 1979

To: Mr. C. LeRoy McAnear
Chief, Soil Mechanics Division
Geotechnical Laboratory
Waterways Experiment Station
P.O. Box 631
Vicksburg, Miss. 39180

From: Reginald A. Barron, P.E.
62 Horseshoe Road
Guilford, Conn. 06437

Subject: Review of Report, "Investigations
of South Fill Area, U.S. Military
Academy, West Point, New York."

1. This report is in accordance with a letter from Mr. C. LeRoy McAnear,
W.E.S., to R.A. Barron dated 13 August 1979 and purchase order DACA39-79-
M-0162, dated 8/10/79.

2. Comments are as follows:

A. Preface states that the report was written by Taylor and Poplin
but title page also cites G.B. Mitchell.

B. Page 21, end of paragraph 65, Fig. 19 should read 21.

C. Page 23, paragraph 70. Use of piles should be prohibited.
The driving vibration and pile displacement could lead to
a liquifaction slide.

D. Page 23, paragraph 71. It should be possible to raise the
site level by use of thin soil lifts spread out over a number
of years without measures to improve stability; field observations
should be used to control placement.

E. Page 23, paragraph 72. If sand drains are used to improve
stability, they should be installed, if possible, by an auger
method. No displacement mandrils should be permitted. See
comment C.

F. Page 23, paragraph 73. a, b, & c, suggest use of "should"
in lieu of "must".

F3



Mr. C. LeRoy McAvery
Chief, Soil Mechanics Division
Page 2

G. Page 24. Recommend that periodic soundings be made of the
submerged slope to determine if the river is eroding the
slope which could induce a flow slide involving the South
Fill Area.

3. This is an excellent report. It illustrates the difficulties involved
in the sampling and testing a very sensitive soil. (It is very possible that
transportation of the samples from West Point to WES damaged the samples.)
It also illustrates the need to keep field instrumentations simple and the
requirement that all field devices be thoroughly protected against vandals.

--&.aaak 
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ARTHUR CASAGRANDE

Pierce Hl
September 21, 1979 Harvard University

Cambridge,, ,Ws. o2,38

Mr. C. L. McAnear, Chief

Soil Mechanics Division

Waterways Experiment Station

P.O. Box 631

Vicksburg, MS 39180

Subject: Review of Draft Report dated May 1979, on

INVESTIGATIONS FOR SOUTH FILL AREA

U.S.Military Academy, West Point, N.Y.

Dear Mr. McAnear:

In accordance with the request in your letter of 13 August

1979, and on the basis of our telephone conversation on
19 September, I submit herewith my comments on the subject

report.

In my opinion, the most important results of these

investigations are summarized in Fig. 14, which illustrates

clearly that consolidation of the very soft clay stratum has

well advanced; and that, therefore, the strength of the clay

and the stability of this area have substantially increased

as compared to the conditions in 1961.

On page 17, the last sentence in the first paragraph may not

clearly convey the results shown in Fig. 14, by referring to

"...70% of the total consolidation has taken place since 1961."

To prevent misunderstandings, I suggest expressing this as follows:

"...70% of the estimated 100% consolidation has taken place since

1961." Perhaps this thought could be expressed even clearer.
So* note x) on p. 4.

On page 21, in the second paragraph the authors conclude

that a settlement analysis would have been of doubtful value

Pier"e Hil OL~e 'Tel. (617) 45-84.1 nfs answr: (617) 6-6jo or
'Rteidence 'Tel. (6t7) 44-,pli. z6 'Tmckmont ltd., IBelont, LWas. oa178
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Mr. C. L. McAnear - 2 - September 21, 1979

because the samples may have been disturbed. In my experience,
"undisturbed samples" of sensitive clays taken in borings are

hardly ever sufficiently undisturbed to permit reasonably
reliable strength investigations. However, for normally

consolidated clays the virgin-compression curve is not changed

much by minor straining of sensitive specimens, _i . -

_ . as reflected by the shape

of the e-p curves in Appendix F. Furthermore, the combination

of reliable settlement and piezometer observations would serve

as a good basis for settlement analyses.

The last paragraph on page 22 is not clearly written.

I assume that the authors refer in the first line to "total
strength parameters", not "effective strength parameters".

I estimate that the effective friction angle of this clay, and

also of the peat, is at least 25 degrees, perhaps as high as
30 degrees. In combination with the degree of consolidation,

it would be possible to carry out fairly reliable stability
analyses using an effective friction angle and zero cohesion.

In the table of CONTENTS and the title page for APPENDIX F
are listed "S TRIAXIAL COMPRESSIVE STRENGTH" tests, but I could

not find any. Such tests, if carefully conducted, would have
yielded reliable effective friction angles. A number of R tests

are included in APPENDIX F. Unfortunately none of these tests
were consolidated under a sufficiently high all-around pressure

so that the effective confining pressure would be well above
the effective normal stress in situ. For soft, sensitive clays

the consolidation pressure should be at least 8 kg/sq cm. This

would have resulted in an effective normal stress of at least

2.5 kg/sq cm which would have been sufficiently high to go

safely beyond the preconsolidation pressure. The maximum confining

pressure used in all R series was 3 kg/sq cm, and thus the

maximum Effective Minor Principal Stress was only between 0.70

F6
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Mr. C. L. McAnear -3 -September 21, 1979

and 0.93 kg/sq cm. By the way, in some of the "Sheet 2" of

Figs. F29, 20, 21 and 32, 1 found missing the adjective
"effective" in the caption of the horizontal axis in the Mohr

Diagram. Also, on some of these sheets, next to TYPE OF TEST,

the designation A is missing, or the bar over the R is missing.

From the effective stress circles for all R tests there is no

doubt in my mind that within a range of effective normal stress

greater than the in situ effective stress the strength envelope

would show zero cohesion and an effective friction angle not

exceeding 30 degrees.

On page 23, in paragraph 71, the authors recommend against

raising the existing surface level "without providing measures

to improve stability". However, in my judgment, it would

be perfectly safe to raise the surface by one foot without

endangering the stability. On the basis of reliable piezometer

observations it would then be possible to raise the surface by

additional small increments. In paragraph 72, sand drains are

recommended to improve the stability of the south fill. In my

experience, installation of sand drains in highly sensitive

clays can do more harm than good.

On page 24, in paragraph 77, the statement that "no further

monitoring of movements is necessary", without any reference

to piezometer observations, could be interpreted to mean that

also piezometer observations could be discontinued. In my

opinion, and also because of the authors' appropriate emphasis

in the first sentence of paragraph 79, it would be unfortunate

if the piezometer observations were not continued. I believe

that continuation of piezometer observations, and their

utilization by means of conventional stability and settlement

analyses, would be much more productive of useful results on

F7



Mr. C. L. McAnear - 4 - September 21, 1979

this project than the use of "numerical techniques, mainly

finite element methods", as suggested in paragraph 79.

Sincerely yours,

AC:wc

P.S.: After completing this letter-report, I discovered that

S tests, although not included in Appendix F, are briefly
mentioned on page 16 and are summarized in Table 3. Unfortunately

this table does not include the confining pressure under which

these test specimens were consolidated. Also, I would want to

know much more about these S test specimens because of the

excessive range of 29 to 35 degrees. An effective friction angle

of 29 degrees would, in my experience, be reasonable for such

clays; but 34 and 35 degrees are far too high.

As I glanced again through pages 13 to 16, it occurred to

me that the reader would be helped by appropriate sub-headings,
as follows:

On page 13, change "Undrained" to"Undrained (Q) Tests"

On page 16, insert before the 4th line from bottom, the

subheading "Consolidated-Undrained (R) Tests".

Top of page 16, change "Drained" to "Drained (S) Tests".

Note x)- As compared to 1w., the factor of safety has greatly

Increased not only because about 70% of the excess hydrostatlo

pressures have dissipated as' of August 1978, but .also because the
6 ft settlement of the area (Fig. 21) has also greatly decreased

the overturning moment,

F8



RALPH K. FAOUM
CONSULTING tHOINEUR

sox solo
NALKI101. N. C. 97607

August 20, 1979

Commander and Director
U. S. Army Waterways Experiment Station
Corps of Engineers
P.O0. Box 631
Vicksburg, Miss. 39180

Re: Investigation for South Fill Area
United States Military Academy
West Point, New York

Dear Sir:

In conformity with my agreement with the Waterways Experiment Station,
I have carefully reviewed a draft copy of the above-referred-to report by H. M.
Taylor, J. IC. Poplin, and G. B. Mitchell dated May 1979 and am pleased to offer
the following comments concerning it.

I do agree that It is highly desirable to compile the data obtained for
this project into a comprehensive case history. The report provides data for
an 18 year period of record that should prove to be of interest to future students
as well as of value for the future planning of the Academy.

I concur with the conclusions and recommendations as stated in the report.
The measurements of all of the parameters reflect improvements in the stability
of the South Fill. There has been a significant decrease in moisture content
of the foundation soil during the period 1961-1977 as shown in Fig. 7. During
this period the shearing strength as measured by unconfined compression tests
has also increased appreciably as shown in Fig. 8a. Piezometer measurements
shown in Fig. 14 indicate that the percent consolidation has increased from
approximately 20% In 1961 to 70% in 1978. These measurements consistently
show that the stability of the South Fill has increased significantly during the
observation period, and thus Justifie the conclusions as stated in the report.

I am pleased also to concur with the observations and recommendations
concerning site utilization. ! do, however, have the following additional
comments to offer relating to them.

With respect to settlements, It is to be noted (p. 21), that an additional
maximum settlement of 3. 5 ft. is to be anticipated. As this settlement develops,
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Commander and Director
U. S. Army Waterways Experiment Station
August 20, 1979
Page Two

greater and greater portions of the fill area will be subjected to periodic inundation.
There will, therefore, be a greater temptation to place additional fill in such areas.
Before proceeding with any additional filling, the admonition stated in the recommen-
dations (paragraph 78) should be followed.

With respect to future threats to the stability of the South Fill, an under-
cutting of the riverward edge of the fill is perceived to be the most serious. Profiles
shown in Fig. 14 for 1933, 1961 and 1974 give little indication that undercutting
is occuring. Nonetheless, should any major changes in river flow take place it
would be well to determine whether any undercutting has resulted therefrom.

Finally, I wish to commend the Corps of Engineers for the diligence with
which it has undertaken this investigation. The "lessons learned" will make a
significant contribution to our understanding of the stability of sensitive clays.

Sincerely yus

Consulting Engineer
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WESGH Evaluation of " Lquefaction Potential" at South Fill

TO H. M. Taylor, Jr., SMD FROM P. F. Hadala, C/EEGD DATE 10 Sep 79 ¢MT1

Background

1. Mr. Taylor asked me to review the draft report entitled "Investigation for South
Fill Area, United States Military Academy, West Point, New York," and comment on
letter reports by Consultants W. J. Turnbull and R. A. Barron, who, in their reviews
of the same report, raised the subject of liquefaction.

Synopsis of Consultants'
Comments on Liquefaction

2. Mr. Turnbull expressed the opinion that the North Fill failed by liquefaction
rather than progressive shear and cited several causitive factors which were present
as well as the short time in which the mass movement occurred. Mr. Barron recommended
prohibition of pile driving on the South Fill because it could lead to a liquefaction
slide. Consultants R. E. Fadum and P. C. Rutledge did not mention liquefaction in
their letter reports.

Comment

3. Liquefaction is a much misunderstood word and people do not agree on its meaning.
I will comment on the potential for a flow slide in the South Fill as a result of
dynamic excitation. There are two materials of interest in the South Fill. The
first is a zone of cohesionless material of glacial origin which underlies the fill
near its western edge (see Figure 5 of the report). The only data available on
this material are given on Plate 15 of WES Technical Report 3-591. The material is
below the water table. It is a fine, sometime- gravelly or clayey sand. Standard
penetration tests in this material made in 1962 (Boring BS-l) range from 0 to
40 blovs/ft. Low blow counts (less than 12 blows/ft) were encountered between
elevations -7 and -15 ft below miw. The zero blow counts are highly unusual for
sands (even if loose) as the effective overburden stress in this depth range is
at least 1 tsf. At any rate, even if this material was very loose and could lose
all of its shear strength as a result of sustained shaking, it has nowhere to go. It
is contained on one side by the rock and on the other by the clay. So long as the
guidance in Parts VI and VII of the draft report is followed regarding surface
construction and usage of the site, no damage can result from possible loss of
strength in the sand as a result of dynamic loadings.

4. The other material is a highly plastic marine clay which (a) is sometimes
organic and/or silty, (b) was deposited in an estuary condition, (c) was normally
consolidated prior to construction, and (d) is about 70 percent consolidated under
its present loading. The material in the top 40 ft of this deposit had, in 1977,
an undrained shear strength of about 0.4 to 0.5 tsf and sensitivity ratios of about

to 10. A tests on this material indicated positive pore pressure response in shear.
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The literature was examined to try to find data on the cyclic test performance of
such materials. France and Sangrey (1977) tested sedimented normally consolidated
illite specimens in undrained cyclic triaxial tests. However, the sensitivities
of these materials were quite low (approximately 2). They found that for cyclic
loading at stress levels below two-thirds of the maximum deviator stress in
monotonic loading, the material eventually reached a stable hysteresis loop.
Lee (1979) conducted cyclic tests on undisturbed samples of very sensitive
preconsolidated Champlain clay which classified as CL. Two different materials
were tested. Soil A had a Q shear strength of approximately 2 tsf and a
sensitivity of 300. Soil B had a Q strength of about 0.6 tsf and a sensitivity
of 35. Large strains developed rapidly after about 30 cycles of loading at
stress levels which were about two-thirds of the static strength. The failure
mode was the remolding of a thin zone about one or two well-defined failure
planes. Seed and Wilson (1967) report cyclic test data for Bootlegger Cove clay.I
This is a sensitive marine silty clay which classifies as a CL material and had
a Q shear strength of from 0.45 to 1.00 tsf. After 30 cycles of stress at
deviator stresses of 55 percent of the static strength, failures of the test
specimens occurred. The mechanism of the Turnagin Heights slide in the 1964 Alaska
earthquake is discussed by Seed and Wilson. They indicate that the Bootlegger
Cove clay did fail in the latter stages of the slide. This slide also occurred
quite rapidly.

5. The laboratory or field performance of these three cohesive soils suggest
that a substantial amount of shaking at stress levels above one-half of the
static Q strength can produce large strains or failure but that small amplitude
shaking will not. The West Point area is in seismic zone 1 on the Algermission
map, and strong earthquake excitation is extremely unlikely. The only situation
in which one should be concerned about dynamic loads is one where the static
factor of safety is very close to 1.0 (as it was in the North Fill area). Since
the static factor of safety of the South Fill is 1.7 or more and will increase
with time, dynamic excitation from earthquake or machine vibrations are unlikely
to cause any distress at all.

6. Prohibition of pile driving as recommended by Barron and prohibition of
machine operation as recommended in the report are both safe courses of action
but are probably not necessary. I would personally delete item b in paragraph 73
of the report. Rather than prohibit pile driving, I would require pore pressure
observations during any pile driving and close control of the operition by
geotechnical engineers.

HADALA

CF:
McAnear
Mitchell
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PHILIP C. RUTLEDGEConsulting Engineer

bb.CmxGa~~ 203-542-5008
P.O.Box 347

Norfolk, Connecticut 06058

August 24, 1979

Commander and Director
U.S. Army Engr., WES, CE
P.O.Box 631
Vicksburg, Mississippi 39180

Re: South Fill Area, U.S.M.A., West Point, N.Y.
Your Reference WESGE

Dear Sir:

In accordance with the request in a letter dated 13August 1979 by Mr. C.L. McAnear and as authorized by Purchase
Order No. DACA 39-79-M-0161 the writer has reviewed the draft
dated May 1979 of the report "Investigation for South Fill Area,
United States Military Academy, West Point, New York" and sub-
mits herein the following comments and recommendations. Because
I no longer have my file on the several inspections and meetings
of the Board of Consultants readily available, some of the dates
of observations and recommendations by the consultants are not
well defined in these comments.

I have been most interested in the surface manifestations
of the condition of the South Fill. A brief note at the bottom
of p. 6 indicates that the tennis courts in the area now shown
as Soccer Fields on Fig. 3 were constructed some time after
December 1961. The cracks in the surfacing of these tennis
courts were the first definite evidence observed showing con-
tinuing deformation of the South Fill well inland from its
river front. At that time it was not clear whether the cracks,
which showed little vertical displacements, were the result of
settlements of the fill or a slow creeping of the fill Loward
the river. Paragraph 60 on p. 20 indicates that the movements
were primarily riverward and that the tennis court surfacing
was removed at some date not stated because of the continued
cracking.

A brief statement at the bottom of p. 6 indicates the
surface reference points were installed in 1961. However,
Table 5 and pp. 54 on page 18 state that these were installed
in April 1962 and the measured motions are discussed in pp. 55.
The horizontal and vertical displacements are shown on Figs. 15
and 16 but it is not clear why these plots begin for August 1966
whereas Fig. 13 Sheet 3 of 4 shows measurements beginning in
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April 1962. It would seem that the motions relative to consoli-
dation settlements would be more useful beginning at the earlier
date. The plots do indicate that both settlements and horizontal
motions are continuing at decreasing time rates. This could be
shown more clearly by a simplified plot of settlements and hori-
zontal motions against time since April 1962.

An interesting and possibly significant study would be
a geometric analysis of the settlements and riverward lateral
movements to determine if the lateral movements are compatible
with the consolidation settlements of the increasing thickness
of the alluvial clay stratum toward the river or are partially
a riverward creep of the entire mass. Paragraph 62 indicates
that the authors believe it is a riverward creep. Some university
might be interested in making such an analysis.

Paragraph 56 states that an asphalt walkway extending
west to east across the central portion of the fill area was
installed in August 1974. It is my recollection that such a
walkway was recommended by the Board of Consultants at or
prior to its last meeting in December 1965 as a simple warning
device for horizontal motions that might indicate danger of an
impending slide. I also remember inspecting the sewage treat-
ment plant at the extreme south end of the South Fill where
there were indications of settlement effects. This is not men-
tioned in the report.

of It is unfortunate but understandable under the condition
oflarge settlements that so much difficulty was encountered

with the inclinometers installed at various times thru the
South Fill. I note that the inclinometers for which data are
plotted in Fig. 19 were installed at different times varying
from Nov. 1967 and March 1968 to Sept. 1972. Hence the motions
to March 1975 are not directly comparable. This should be note~d
on the figure.

The piezometers also encountered difficulties requiring
discontinuation of readings or replacentents. However, enough
readings have been obtained to produce an excellent plot of
the dissipation of excess pore water pressures with time at one
location shown on Fig. 14. The excess pore water pressures
after 1973 apparently are shown only by piezometers P-7A, P-BA,
P-9A and P-11. It would be helpful to the reader of this report
if the specific location, depth to rock and reason for showing
zero excess head of water at about Elev. -16 were stated on the
figure or in the report in the section of Groundwater Conditions.

I have read the sections on soil tests, paragraphs 22
thru 47, but have not attempted to evaluate the results because
of the many uncertainties in interpretations of the results as
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mentioned in the text. I leave cowments on this portion of the
report to someone more competent in this subject than I am.

The settlement analysis results described in pp's 63,
64 and 65 are interesting and instructive and would seem to
indicate that the interpretations of consolidation test results
are good. However, because of the large variation in thickness
of the clayey alluvium, from about 30 ft. on the west side of
the fill area to about 140 ft. near its east edge, the plotted
results on Fig. 20 obviously apply to only one location. The
writer was unable to determine this location because he was
not able to read boring locations on the reproduction of Fig.3.
It would be helpful if the location for the data on Fig. 20
were described by the depth to rock, the thickness of the fill
and the thickness of the clayey stratum. It would help in deter-
mining the applicability of Fig. 20 to other portions of the
fill area if a plot were made of the total settlements from 1962
to 1978 based on the surveys of the marker pins vs. the thickness
of the clayey stratum. Incidentally the reference at the end of
pp. 65 should be Fig. 21 and not Fig. 19.

The stability analyses and results described in pps. 66
and 68 appear reasonable with the single exception that the
ratio c/ = 0.3 is for normally, or completely, consolidated
clay wheigas Fig. 20 would indicate that the clay stratum is
only about 70% consolidated. It would be useful if the stability
analyses were also made using a smaller c/p0 ratio based on
this degree of consolidation and if a plot were made comparing
the assumed shear strengths with the most reliable of the test
strengths shown on Figs. 8a thru 8 h.

I agree with the precautions in the site utilization and
the conclusions and recommendations in the concluding sections
of the report, perhaps for reasons somewhat different from those
of the authors of the report. The surface settlements obviously
indicate that there has been consolidation and accompanying
gain in strength of the alluvial clay stratum since 1962 and
the fill has been standing in place since that time. I do be-
lieve that it would be desirable to protect the surface markers
installed in 1962 and to make survey measurements of them at
two to five year intervals to verify the interpretations made
at this time.

In addition to the specific recommendations made concern-
ing several items in this report I have one general suggestion.
I believe that this report would be more coherent and easier
to follow if Part II - Description of Site were to include pps.
22 and 23 on the borings made and p. 31 presenting the general-
ized soil profile. The next major section should be Field Obser-
vations including surface movements, groundwater conditions
and inclinometer measurements. This could be followed by Labora-
tory Investigations and then the Settlement and Stability Analyses
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based on the laboratory tests and the field observations. The
concluding sections would then follow.

I trust that this review will prove useful to you and
that you will consider seriously the recommendations and
suggestions made herein.

Very truly yours, .

PCR/cht Philip c. "Rutledge

F16
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WILLARD J. TURNOeULL

CONULTIN NINI[

8 UIANWOOC PLACE
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19 September 1979

M~r. C. L. l(cAnear
Chief of laboratories
Civil Works
Waterways Experiment Station
U. S. Army Corps of Engineers
Vicksburg, Miss. 39180

Res Investigation of South Fill Area
United States Military Academy
West Point, New York

Dear Mr. McAneart

This letter replaces my letter of 21 August 1979, in that, the comments in
this letter concern entirely the South Fill area and speci fi, .ally are directed
to the draft report dated May 1979.

As a general comment, I consider that this report describes a study which
is an example of basic errors in conducting an important field and laboratory
research study. It illustrates very graphically the need for preciseness of
procedures, timing, selection of instruments and method of conducting field and
laboratory work. Further, it would be better to use fewer types of tests and
more of them to got statistically sound data. Particular reference is made to
the shear strength testing. In the reverse, this study (with all its shortcomings)
represents a classical example of follow-through in the conduct of an important
study.

The following coments are specifically directed to the report as written.

P-9. paragraph 19. The railroad was damaged by underwater slides.

P-11. Fir 3 is reduced to such an extent that I have to use a magnifying
glass gu-still cannot read all of it.

P-12. Many of the pictures in Appendix B are unclear.

P-1I. I fool that P-15 may be quite hypothetical and it might be better to
simply say that certain irregularitios occurred which undoubtedly affected the test
results. The yord "irratic" in last line of paragraph 42 should be "erratic".

A study of Figs 8d and 8f tends to indicate a peculiar weakness of the soil
at about elev 60. Nothing is said about this in the text.

P-16. 3rd line in rareanh 45. Remove hyphen in "coefficient". In pararaph
Is no attempted explanation is given as to why the soil from elevation -55 to -63
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Mr. C. L. YcAnear
19 September 1Q79
PaFe 2

is highly overconsolidated (presumably representative of deeper material also) and
yet that which is higher in the soil profile is normally consolidated.

P-17, marasrmh 52. This remark is not intended as criticism but again the
unreliability of "salesmanship" is demonstrated. Piesometers ordinarily should
be one of our more reliable field instruments.

P.8. The surface movement data as expressed by the pins and asphalt
walkway are very good.

P-19. Considering the difficulties encountered with the inclinometers and
the difficulty of installing these instruments (particularly through the rook),
I consider the data obtained reasonably good and logical.

P-21. The actual and predicted settlements appear reasonable. In lest line
change |:97" to "1978" (see Fig 20) and "Fig 19" to "Fig 20".

P-23. I personally feel that measures to improve the stability of the area
would be too costly to justify. Further filling the area for construction purposes
to keep off future floodwaters could be dangerous. If it is desired to restrict
flooding it should be done by low and steep sided grassed-over levees. UIo heavy
construction should be allowed.

I am in agreement with paragraph 73.

P-24. I am in agreement with "Conclusions and Recommendations".

I conclude by making the following comments.

a. Something should have been said about the sinkhole development which was
an independent phenomenon.

b. Also something should be said about the potamology of the river. Namely.
while the thalweg of the river will deepen during flood stages it will
tend to pull further away from the South Fill area toward the opposite
concave bank. This tends to reduce erosion of the underwater toe during
flood flows.

Sincerely yours,

W. J. TURNBULL, P. Z.
Consultant

, ,,, , , ,, , ,,,, ... . .. . ..
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22 July 1977, Subject: Facsimile Catalog Cards for
1Laboratory Technical Publications, a facsimile catalog
card In Library of Congress MARC format is reproduced
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Taylor, Hugh Madison
Investigation for South Fill area, United States Military

Academy, West Point, New York /by Hugh N. Taylor, Jack K.
Poplin, Gerald B. Mitchell. Vicksburg, Miss. :U. S.
Waterways Experiment Station ; Springfield, Va.* : available
from National Technical Information Service, 1980.

28, (701 p., 73 leaves of plates : ill. . 27 ca.
(Miscellaneous paper - U. S. Army Engineer Waterways
Experiment Station ; GL-80-T)

Prepared for The Directorate of Military Construction,
Office, Chief of Engineers, U. S. Army, Washington, D. C.,
under Intra-Army Order No. NYD-78-76(M).
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